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over  limitcxl  scan  settions  lias  bun  ili\aluped.  This  antenna  itesign  utiji/es  oviTlapping 
subarrays  ful  by  a staeked-piJIliox  miiltipK-  iieam  IeIIs.  Beams  generated  l)y  the 
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I. 


I'KocR-Wi  onj!;c'Tivi;s 


rile  olijeerive  of  file  sfucK’  prouram  is  to  devise  and  investigate  light- 
weight and  eciTipaef  antennas  which  a I'e  capable  of  forming  nudfiple  simultaneon 
independent  heancs  within  a liniited  s[\itial  sector.  Any  one  or  more  of  these 
beanxs  within  the  coverage  sector  should  be  accessible  at  am  instant  with  good 
isolation  beU'.veii  them.  In  adtiition,  these  nudtiple  beam,  limited  scan 
antennas  must  meet  the  following  specifications; 

l“ 

,S*’  half  angk'  com. 

<:idH 
minimum 

apt.  rfun.  diameti.-r 

In  onk-r  to  accom^ilish  tlu  abow  obJecti\a  , tlk-  program  has  been 
divviled  into  tlu’  following  four  task--: 

1.  .\rra\-  eknunt  ami  subarrav  patti.  rn  control. 

2.  .Multipk  beamforming  lutwork  tksign. 

!.  Beam  swiidiing  matrix  -UkK'. 

■1.  t omjxirative  anal\  -'i.-'  of  --\  steni  compk  \it\  and  perioi'nuiKa  . 


Beamwidth 

Scan  Coverage  Sector 

.\nteiina  (lain  Drop-off 
title  to  Scanning 

Antenna  System  Ixisse: 

Antenna  Depth 


I 


If.  o\'i:Kvii.w  Qi  nil,  smjv  pkogram 

•\nTong  tlu'  nuny  antL'nna  tcdinifjiK  s which  arc  ca}->ai>]>.  of  providing 
multiple  beam-limited  scan  operation,  the  overlapping  suliarray  in  conjunction 
v.itii  a stacked -pillbox  multipb.  beam,  lens  has  iieen  demonstrated  bv  extensive 
analysis  that  it  can  meet  the  design  goals  as  delinsaied.  It  !u-^  tlie  capability  o’ 
graiuig  lolK'  control  by  nveans  of  overlapping  suiiarray  pattcU'n  siiapine.  It  ha- 
rhe  Hexibility  of  designing  for  a specified  numivr  of  sjnuiltaneous  independent 
beams  so  that  the  lU'twork  compb.xitv  can  lx-  controlled  for  a limited  numiier  of 
these  sjp.uilraneous  beam-,  ’nu  use'  of  stacked  pillliox  as  multiple  be-amfoi'me  c 
pro\’ide's  liigii  be'ang'onning  efficiency  simplifie-d  multiple  be'am  ne-tv.ork  elesiy. 
anti  Ire'queiie'.  -inde'peiident  ix'am  jxjinting  tor  all  multiple  be'am-.  I !ii  - feature 
of  fi'e-tpie'ncv  inde'pemience  is  \ e r\  attraetixe  for  sviiehronous  satellite  to  grouiiei 
e'ommunie  at  ion  svste’ms. 

The'  side  lobe  control  of  thi-  ixuiUipTc  be'am.  antenna  has  ixeen  in\  cstigatei;. 
’Hk'  use'  of  lilock  le'eeling  ill  tile  mulli]ile  beaintormiiig  nvit  rix  tie  sign  has  be-eii 
ele'monstrale'tl  to  Ik  a \ ery  e ffective  me  ans  of  sitlelobe  control,  'nie  in  am 
-.'.itching  nutrix  di'sign  to  ]irovide'  a spe  eifie'd  numJx'r  of  simultaneous  beanc- 
has  Iieen  inve'siigaietl,  'llie  imivict  of  liloek  fe'e'tling  on  the'  beam  switching 
nutrix  design  has  al-o  iiee'ii  ide  iUifie'il. 

'I  v]iieal  ove  rail  tlesign-  have  be'cn  v.orke'd  out  Ibr  s\  ste-ms  v.  itli  X or  lo 
simultane'ous  be'ams  and  ee'rtain  re  st  rictieins  on  multijile'  Ix'.im  iiulepe  lule'iice  . 


III. 


ARIUY  l-LHMliNT  AM)  Sl'IiARRA)  I'AT'i  1:RN  CDMI  ROI, 


A.  Principle  of  Operation  of  0\ xiUippin^j  Sulmrray 

I'lic  basic  principle  of  an  os  erlapping  subarray  is  illusti  ared  in  l igure 
in.  l.b.  I'or  the  purpose  of  comparison,  a conventional  subarrav  antenna 
approach  is  shown  in  l igure  III.  l.a.  Ilu-’  overlapping  subarrav  is  similar  to 
the  conventional  subarray  in  whicli  a pliase  shifter  is  used  to  cont  I'o]  ilie  phase  of 
a group  of  radiating  elemL-nts  within  the  antL'iina  arra\'.  bach  radiating  element 
in  the  ovi-rlapping  subari'ay  is  Rtl  b\-  tlie  inputs  from  two  or  more  sultarraxs 
instead  of  from  one  subarray  as  in  the  case-  of  tlu'  conventional  suliarray 
antemia.  In  so  doing,  the  overlapping  subari'ay  is  very  effective  in  controlling 
tile  subarray  pattern  sliape  to  suppress  tin.-  grating  lobes  in  tlie  arra\  factor 
formed  b\-  tin.'  large  spacing  (si.  veral  w'avekngtiis)  between  tin  subarravs.  In 
the  i.\ampk’  of  I'igure  lll.l.li,  each  subarray  consists  of  ti'ii  elenunts.  i'or  a 
givi.li  subarra\-,  the  fivi.'  braiuii  lines  of  the  riglit  lialf  of  one  subarray  and  the 
fi\L'  lirancli  liiK's  ol' the  kfl  lialf  of  the  adiacent  suliarrav  to  tin.-  rigin  ai'i.’  conr- 
binetl  in  a set  of  eoupkfs  befoi'i.  coU)i!ing  into  the  railiating  i,lements.  In  a 
similar  maniu  r,  the  five  liranch  lines  to  tliL'  k ft  lialf  of  the  suharr.iv  are 
coniliined  with  the  fivi.'  branch  lines  of  the  right  half  of  the  subarrav  to  tlu  left. 

As  a result,  the  subarrav  api  rture  si/i'  is  twice  as  large  as  the  subarray 
spicing  and  twake  as  large  as  the  apv  rture  sj/(.  of  tin  conventional  subarrav 
shown  in  I igure  III.  l.a.  This  overl.ipping  causes  the  ape  rture  illumination  of 
c'ach  subarrav  to  overlap  with  its  two  ad jacent  neighbors  as  shown  in  1 igure 
III.  l.b.  In  the  example  as  sliown  in  ligure  111.  l.b,  a t ri.mgula  i'  illumination 
function  for  each  subarray  is  assynied.  .\  more  gem  ral  illumination  fuiution 
can  be  em|iloyed  for  an  even  nuuc  effeitivc  pattern  control.  Ihc  net  sum  of 
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ill  AMS  V ! liKOADSIDt 


riiiKiion-,  v.lunihi  iiipul  i"  llii- 

siilij  rr;i \ --  ,n\'  inph  i , \ i.  Id^  i uiii  lorm  il  I inniiiji  loii  iuik!  ioii  u ro--,'  tin.-  a i rav 
apt  n II IV  a^  in  i lu  i.a-^i.'ora  i ■ iiu\  nndinal  phased  an  a\  . I’lii'-  i"'  a iu  ci.vsarv 
(.ondition  in  oi\|^  r lo  achiv ai  a lo^'k  o)iL  i'alion  lor  i!k'  l'road--idi'  iK-an'. 

Siiui  tiK  illmninat ion  uiiKiion  lor  oath  >nl'arra\  is  i ri.inpular,  Ilii.'  siiliarrax' 
patu-rn  i~  ("inr  I in  I'onn,  wlunA'  I'  - kk  sin  Tin.  I'ir,-.!  mil!  ol  tin's  sulian'ay 
patv-rn  i"  loiaii.d  n i!k-  sanii  annular  po--i!ion  a - that  >i  ih.  fi  t -i  uraiinp  IoIk-  of 
tlu  a rra\-  farior  -'iiu  I ilu  p\  rtuia  sj  1,-ofiiu  <nivu  r.'.v  i-  t'.‘ ii.a'  a - larpi  a'  tin.' 
''Uirirrax  ''iVKinp.  ' nri  lii  rmoia  , i lu-  --nha  r i a\  p ii  I crn  doiv-  not  risi.  sui.|i!v 
on  I iilu  r 'ido  ol  tlr.  null  po-iiion  sin^t  >lu'  --lop^  ofilti  '-nhaii'i\-  finii.lion  i'^also 
/ip'o  at  tiu  mil!  posiiion,  tlui',  alloy  inn  i ho  snppivs'- ion  of  tiu- p ''at  inn  lolv  ovca' 
a ilk  anpniar  si.  in  lovirapi  . Thi.  ol  U 1 1 i\\  m.  - s of  i la  ^ ria  ppi  np  snharrav 

0. 1n  hi.  xiiVid  fronailv  "tandpoim  ol  pliaoi.  rpolai  ion.  ' Wtimn,  tho  array  is 
-^anii'.'',  i1k  ro-'iili.inl  pli.isi.  at  oai.  h i,-K  moni , dm- to  i ho  ooMihinod  ^ipnals  i rom 
i\v  .siih.i  rra\  --,  a'-siinio--  i valm  hoi\' ta  n t ho  piia ->i  \ iliu  s lyi' ilu  iwo  onh  n ra\ 
I'lia",  'hifiir-'.  If  I ho  11.  lal  i\  o ampi  it  ndo-  of  I hi  indixidiid  sinnaN  froniihoiwo 
nil. mi  'iiiflor^  iia  -iloitod  proporh  in  .ii  i ord  m^i  i > i ho  <.  Ii  nioiu  loi  it  ion  v.  it  hin 
till  aiih.u  r.ii,  till  ph.isi  ol  ilu  ooinl'imd  ~ipn.il  n ih.  oliounm  nuv  assiinu  a 

1. airh  Unoir  fniKtion  iii'-u  idol  ih.  -iip\'i'-.  inniiionoi  a ooavoiit  ional  snharr.iv 


intiiin;.  I hi^  amooihinp  i ff.  i : pi  >\  kK  . .it  iiomiii  in  ■>iippro-'Sioii  ol  prat  inn 
lohi  s .till  to  tin  l.iipi  --pii  inp  hot'.  . I II  .id  III  oh'  'iihirri'.-. 

h.  I >i  ''ipn  ol  till  (.'oiiplinp  \itv.  n k 

riio  ili  --ipn  ol  till  loiiplinp  m'v.ork  it  ..  i oil  ok  oK'iit  for  .1  lo-,ak'so 
iji'.  : "|.)|i  j.  di  Pondi  n'  upon  tho  illar.  ,inai  ioi  liiiKtion  'okotoil  lor  laoli  suliarrav. 
'hi  -ok  1 1 ion  of  I hi  ilkiniin  II  ion  imiiiion  i-  not  oonip'  '.l\  irl'itrar\,  onk' 
liii'olinim  x'ith'hi  propii't'.  indii  itodin  ilu  lollowiiip  loriniila  would  rosult  in  a 


1 

k 


lo>--Kss  o(x  rarioii  Tor  ttk-  liroail'^ick’  Ikani.  Iliis  lonnula  is  yiviii  by: 

A{\)  • A - coiisiam 

ill  \\liii.h  A(\)  is  tlK-  illumination  I'unution  anil  p is  the  subarrav  apirturi  litijitli. 

It  is  aptvu'ii’t  that  tlu  triangular  iunrtion  satisfies  tin.-  allow  comlition.  Othia- 
I'uiKtions  will]  tiK’  abo\L  iha  rai  I oii  ii  s iiuluik  tiK-  co'^iiK-  '-(|uar(.-  on  a pi’ili’^tal . 
rtii-  Ik  si  ihoii.1.-  of  till  illuminaiioii  fuiution  is  ck  pi  niii-ni  on  thi'  -'Ubai  r iv  si/i' 
ami  tlu  ranni  of  scan  angk  '. 

I i)i-  tlk  purposi'  of  il(.-st  rihing  tlu- iksigii  of  ilk  coupling  lutwork  in 
iktail,  a sainpk-  lasi.  i^  -lunvn  in  I igtin  111.2  in  whiili  Ihria  subarravs  aik' 
"liown:  Subarrav--  A,  b,  anil  C.  In  gi'iu  ral,  for  a givoii  ik  oil  iit  in  a subarrai 
Sikh  as  Uiiik-nl  il  of  Subarra\  A,  ihi- ampliruik- uvighting  loi  ffivii  nt  itu\  Ik- 
iknoti-il  as  A(\).  1 linii-ni  il  is  also  --hari'il  with  Siibai'rav  l>  in  which  rik- 

amplituik  weighting  coiffiiii-ni  can  be  ik-notcii  as  A(x-l’).  I’  is  the  subarrav 
a(x  rtuiK-  K-ngth.  I'lk-  comlition  of  the  suni  of  tlu-  amplituik-s  being  lonstant 
assures  that  thi-  superimpos^-d  a(vrturi-  ilista  tbution  is  uni fornv  across  the  arrav 
I orresponiling  to  nuximum  broailsick  gain.  Ilk-  clioiii-  ol  tin  ciuipliiu;  cix  ffii.ii.-nt 
lor  the  pov.  i-r  iii\ iik-i‘  ami  tlu-  corpor.iti-  fii-d  |s  not  .1  ibii  r,i  r\  . T1k'\  must  bi- 

seleitiil  to  ilk-el  ilk  following  lOIll li t i i-)!! s ; 

A(x)  - H(\)  2 \ ( 1- 1 ) 

l\V  IN>  “ ■ |\V  .(X) s t ( t-2) 


in  \‘  hii  h 


\(')  is 
II 


ilk  p,i  rli al  lii  Id  it  tlu 
Siibarrii 


r.iili  II  ing  i 


nii-nl  I aiiseil  bv  .1  unil  v i\  i 


<1 


r 


B(x)  is  tliL'  [larrial  licki  at  the  radiating  element  caused  by  a unit 
wave  at  Sulwrray  B,  and 

W ,(x)  ami  W ,;(x)  are  coupling  coefficients  of  tlie  power  divitler. 

Define  the  coupling  coefficients  of  corporate  feed  for  Suharray  A as  :.'(x)  and  for 
Subarray  B as  3(x). 

( A(x)  - Ofx)  W'Jx) 

IKx)  = -(x)  \\\(x) 

I K 

Substituting  thesi'  relationsliips  into  e(|uation  in  t'ondition  (1-1)  gives  tlie 
following: 

-4X)  WJx)  ‘ -(x)  W jx)  = I 
t'ondition  Cl-2)  can  Iw  satisfied  if  we  let: 

j ^ 

I '(x)  = ^ 'A  J\) 


I'liu  . 


\ I ' . > ~ \\  \ ) 


Kv.. 


(\) 


/\ 


V 


A(x) 


(X)  */  f At  XI 


( 1-  .) 


t.!-l) 


J 


l’()uations  ami  ( i-4)  give  the  eoiipling  eoetlii  i'  nis  once  the  amplinuie 

weighting  eo<.  ftieieiits  are  spi  eituii. 

Tile  alK>\e  eoiulitioiis  assure  a lassies'-  operatiaii  for  tin.  hroadsick 
luani  ease:  however,  there  will  In  losses  in  the  eoupliiig  iietv.a)rk  when  the  heam 
is  .--eanneil  awa\-  from  liroatl'-ide. 

V . Two  niiin  nsicmal  0\n  iiap|iiiig  Suhari  n linpleiiii.  iit at  ioit 

The  iir.plenieiitat  ion  oi  thi.  o\ i,i'lap(iing  -itharra\  Loiieijit  to  nuit  the 
re(|td  remeitt  s oi  the  nuiltipK  Inain  limiti.'d  sean  .ititeniu  is  di.lineated  piv  \iousl\ 
is  di.'pielvd  in  I igiire  III.  >.  I inea r o\n flapping  suharra\s  are  iii'-t  I'ornted  in 
the  nuinnv  r as  shc.w'.n  in  i ignm  Hl.l.h.  Thi.'  inputs  to  llnsi  liinar  ox^flapping 
suharraxs  ii\  ilnii  i\ga riled  as  outputs  oi  tin  o\i-rlapping  -uluriMys  in  ihi' 
ofihogon.il  plan-.  Ihu^.  e.ieh  input  lerniinal  olThe  msuh.int  i\' o dimensional 
o\  I rl  ip|ting  ^uh.irr.ix  transmits  signals  to  s \ s radiating  ek'meni  - in  i --i|uai\ 
ii\a.  ind  I hi-  ad  i, tv  mil  oxm'l.ipping  --uh.i  rra\ --  a re  spiei  d iouri.lemi.nt  ip.iit. 

I I oit'-i  (|Uenei  . u h r idi.il  ing  eleiixni  iiuix  innixi  - ignal  - from  ton  r suh- 
i r r i\  input  --  -o  i h it  g ■ \ ini  i rpo!  u ion  tmw  In  • iht  i eu  d in  hot  h prim  ip 1 1 pi .nn  - . 
\s  ^luiwn.  tin  numt'er  oi  snhii  r.i\s  is  oin  i\i  i eiii  ii  oi  |tu  tot  d niimln  f oi 
mi'i'iixi  nut:  JH  r oi  , U eiit  - in  I I'.e  pi  inai'  i-'i'.  Iludi-ignot  in.iihiple 

. m . m-ii  ri  \ I o pr. u I ■ - T' .i  - ign.d  -•  it  i he  - uh  i r i i\  h \ I i s i eUi  !i  sp rp|  j ii., d 

a 1 ' • , 1 , i|,^  , I ,,||p  , ,1  ^ I;  |||ikT  . \ - s’l,  ,.■  |]  f;i  I i n(i III,!,  M o-dimen-ion  il 

oiii  h I ; eat  ri\  I - i-'Uimdtoln  tin  n aili  ipie  hi  amio  rmi  ng  ;u  t\  .n'k  . iiiini 
mull  I pl  i hi  .111  lio  rnn  ng  di  \ ii  I s nu\  pro\i  moi\  -nit.ihli.  I or  e x.impK  . tin 

I im  ,1  r lint  k'  r mat  I i 1 1 --  i - ~hov.  n in  I igu  in  III.  l max  he  repl.ii  ed  In  i ei  i eiil.i  r 
pillbox  it  it  I s (.■nmJu  r -omi  lolihriviii  lint  K r ir.al  ri  x olT  ai  i s.si\ s j.i  . Xiiotin-r 
po'-ihilii,  mavTn  I'n  - iih-i  it  ni  nm  o|  i |u  u'liri  i w o-di  nn  iisioiri  I Hut  k r nut  n .x 
, iv  tin  1 1 II I \ I I ill  - or  I hi  ■ mull  i pk  in  ,i  m - on-i  ' i i iii  d k n ■ . I \ sjun  o|  i hl.•s^■ 
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k iist  s will  be  di''fus<^'(l  in  late  r scerions.  Alte  r rlie  se'  multiple-  beams  are- 
l‘orme-d,  a s\\  iteliing  niat  ri\  tna\'  be-  useti  to  sele  ct  the-  be-anis.  Me  thexls  of 
seleetion  of  aiu  arbitrarv  se-t  of  be-anas  lias  been  worked  out  ami  will  also  lie- 
discusse-d  further. 


i:>.  Suliarrav  Amplitude  Ifistriluition  and  Subarrav  Patte-nis 

I'he'  o\'e- rl appine;  subarra\-  w itli  two  le-vels  of  overlap  as  shown  in 
I'ijiure-  III.  l.b  has  be-e-n  ile-sigiu-d  for  the-  present  application.  Hie-  we-iitlit iny 
coeffieie-nt s of  tlie-  suliarra\-  can  be  selected  to  \ie-ld  the-  best  results  on  ante-nna 
gain  and  grating  lobe-  suppre  ssion.  The  best  comproniise  results  whe-n  the- 
grating  lobe-s  on  both  side  s of  the-  nuin  be-am  are  equali/.e-el  at  the-  scan  limits. 

1-or  grating  lobe-  K-\e-l  on  the-  orele-r  of  -20  lei  -2o  dB,  the-  weighting  coetlicie-nts 
of  the-  subarrav  are-  gi\e-n  below: 

Subarrav  Amplituile-  Hist  ribut  ion ; 

.bS'S.  .400,  .(->00,  .M2S,  .S12S,  . i-iOO,  .400,  .1S7S 
I lk  far  field  subarrav  patte  rns  are-  shown  in  1 igure-  111.4  with  ele-naent  s^xicing 
Is  a paramete  r.  I lu  grating  lobe-  re-gions  for  - S^  scan  are  aNe)  indicated  in 
the  figure,  rile  fir-t  sjek  lobe-  of  I he  ari-a\  patt  e-rn  can  be-  lowe-re-d  bv  a sliylu 
mixli fi e at  ion  eif  the-  subarrae  amplitude  s;  the  re-feire-,  the-  grating  lobe  le-vel  is 
geive-riie-el  b\  the  el  rop -of f o f t he-  nvOii  lobe-  of  tile-  subarray  lune-rn  as  indicate-el 
bv  the-  cro-s  hatched  are-a  in  1 igure  lll.-l.  riu-  loss  in  gain  and  griting  lobe- 
le-vel  a-~deriveel  fromtlie-  subarrae  pitie-i'iis  ire-  summai'i/e-d  in  l igure  Ill.S.  It 
is  quite-  ele  ir  that  grating  lobe  K ve-ls  of  -20  tea  -2S  dB  are  e-asjl\  obt ainable-; 
hoWe-\-e  r,  the  e le  me  lit  spae  illg  must  be  le  ss  (ban  2.  1 \ in  eirde  r to  minimi, 'e  the- 
loss  in  gain  it  sea n I ir. .it  s t e>  K-ss  t han  1 dB.  It  is  possible  to  re-duee  the- g lin  loss 
furthe-r  In  le-due  ing  the-  e K me  nt  sp.ieing.  I e>r  e-xample , gain  loss  ol  l..SeiBein 
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in  , u ii  pi  nil  vu.ilil  iiu  i i' i ■-i.  In  .ihoni  pi  i i v iii. 
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I Ik  iii  iv.ork  iliaui  an:  ni  a ihi\  i -K  \ i I a\  i i lappiim  siinarr  i\  i-  >liu\vn  in 
I I-  ui'i  I II.  n.  I Ik'  dl  l i i'minai  ion  oi  i Ik  -’Uha  t i- ay  ainpliiiidi.'  di  i i-ilHii  ion."  aiul 
i1k  luivoi'k  pirainiUa'^  lor  a pi\Kn  yriiinp  IoIk'  Kao!  and  jrain  iitlin.  I ion  aiK 
di'-v  U'''-kd  indi  iail  in  A|ipi  ndi\  A.  I Ik  lar  Hi  Id  ^uharrr\  p ilti  rii'^  lor  a ik  ir 
opiimum  ^'l ' oi  suharra\  ainpl  iuidi''  iik  uivon  in  I ipuiK'  III.  lor  \arioU' 
iKnuni  ^pai  inn  ■.  I'lu  lo'"  inuain  and  irrilinu  loin  KakI  ii'o  'Un\nia  ri/od  in 

I ipiiiA  111.''.  Il  i ' I \ idoiii  I Iril  I Ik  la of  a I hiK  I -K  \\l  u\  orlap  impiKA  k ' iIk' 

i 

' lo---  in  nain  •'Ui'-'tanl  iall\ , hui  Iho  aralinu  IoIk'  >uppiK  ~.sion  i''  -'iuni  I ii  aiii  l\ 

i 

iKtliKKii.  lor  k'xampK,  a uralinp  IoIk' ol  adoiil  -I  i dl!  i''  odiaiiKil  lor  iknunt 

1 "pakiipu  ol  2.  I ' (2. Ah  iiKlK<),  and  pain  lo-'*-  i'>  oiiK  O.a  illl.  Il  i pr  ilinp  IoIh 

I 

K\il  of  -2lidl>i>  rfijLiiikd,  tiu.  kK’nikiU  --pakinp  nui^i  Ik  iK'dan'd  lo  ahoiil  l.o\ 
\'.ldih  i IK  IK  a -o-'  I Ik'  numiK  r of -'Ulri  r ra\>  In  .12  piiKiiil.  1 lusi.  ik>u1ia  iiuhA  iti. 
liut  iVki-liAkl  '.n k 1 1 ip  k in  pi'ok'idi  I'k'ltk  i'  '-ikiklolu'  noni  ikrl  it  iIk  kxpk  USk  k>l  >onk' 
n lin  lo-  , hill  ilk  lliiKk  -UAkl  o\Krl  ip  k in  proxidi  pokxl  pain  k ha  ra  k I kii 'I  i k'- 
\i  'ikiikK  '-kak'rilikk  k>\  ''ikiklolkk'  I'Akl. 
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ML'LTIPLh  ISI'AMl'ORMIXG  M'V'I  RIX  (.STACKED  riI.U)OXi:S) 


r\’. 

A . Doscription  of  the  Multipk-  [k'jn\lbrmiii^  Mairix  (Sracket!  Pillboxes) 

Application  of  tlic  stackL’d  pilliioxcs  as  a iniiltiple  bcanit'orininp  iiiatrix 
is  illust rated  in  l ijrurc  i\  . 1.  'flic  rniilt ipK-  i'canu'onning  unit  compri-ui  o: 
two  sets  of  circular  pilll'oxc^  which  arc  identified  as  tlu  eoluiui  iensc  .inu  tin 
row  lenses  in  the  ligure-.  (.kinstruction  of  each  one  oi  iIk-m  pilliioxe  s i~  showi^ 
in  1 igure  rv.2.  1-iach  jiillhox  provides  a qiiasi-liiiear  piiase  tront  at  rlie  outpiii 
terminals  when  a given  feed  arrav  e-leine-nt  is  energixe-d;  thu'-.  esich  tee'd  arr.i\ 
ele'nii.'nt  to  the'  rou  le-nses  as  shown  in  I'igure  [\  . 1 ge-ne'rtte"'  a qinsi-platie  pita.-' 
front  at  the- output  tei'minals  at  tile  ceilumn  leuise  . ITn  >uMnii'-  of  liu  eo|uT':ui 
lenses  are  coiu’.ecte'el  to  tile  X x N overlapping  '-uharrav,-.  whicl;  are  arraugeel  in 
a stpiaie  latiiee.  Since'  e'Verv  input  terminal  to  the-  ro\'.  le-iisi  s ix^ii^s  all  o\eT- 
lapping  suliarrays  v.ith  various  piaig re'ssice  phase  ciistriinitiou.  e leii  input 
te-rminal  Is  in  fact  a mtiltipK'  lie-am  input  terminal  e>f  the  nuiitiple  heimfoririiiu: 
nvatrix,  Tlie  numlieT  of  input  te  rminal  > of  the  rov.  le  us,  - is  e.  \g  which 
e'nrre'S)X)iids  te)  the'  lUimJier  ejf  he'am  |V)'  iiioiis  v.itiiin  Ih  ,cie  sij'i..cl  eo\'e  rage  sector. 

I'lie-  cire'ular  pillliox  is  shown  in  I inure'  f\'.2.  I'leitirair  has  de  scriheei 
the  ope  rat  ion  of  this  de'Viee  pi  e'\'iouslv.  l-is-e'iii  i il1\ , a fe-e'd  liorn  illuioinate- 
a circular  re'lleetor  and  the  re'lleeted  wave  is  re'ce'ive'd  at  tile  pick-up  aperture  . 
'nie  phase  distribution  at  the  ape  rture  i--  linear  supe  rimpeised  b\'  a sphe-rical 
aiierrafion  comjxjrietit . nie  circular  relleclor  is  loleied  to  ix'oiei  Iced  bleiekage. 
'nie  parallel  pi  ite  region  between  the  eircular  refleciov  and  the  )He'K-up  ape  lUire 
is  foldeet  once  more  to  reduce  the  depth  ot  the-  d<  \ iee  and  to  locate  the  fe'ed  ii  ru 
and  the  pick-up  arri\-  at  egiposjie  side-  wiiii  resjH'ci  to  < leii  other.  Tiu  -bipe 
of  the  linear  progressive  phase  di  st  riinit  ion  ol  each  teed  horn  is  depeneleta  on 
the  (visition  of  the  feed  liorti  in  the  le  exl  irr  is  . \-  shomi  in  I igure  l\  .2,  tlu 
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feed  honi,  wluch  is  loeatcti  at  polar  angle,  from  tlie  eeiiter  ol  tin  teed  arrav 
fornrs  a linear  phase  front  at  tin  pick -up  aperture  with  angle  | . Ik  eause  of 
cireular  s\Tnnutry  the  shape  of  the  phase  error  distribution  due  to  spherical 
aberration  for  all  feed  horns  is  similar.  By  appropriate  seleeti<Mi  of  the  design 
paramete'i's  of  the  pillbox,  the'  magnitude  of  the  phase  error  can  be'  eontrolk'd. 

De  sign  parame'te-rs  of  significance'  include  the  following: 

Radius  of  circular  reHector,  R^ 

Radius  of  feed  array,  Rj 

Width  of  the  pick-up  aperture',  D.^ 

.•since  the  beam  |X)inting  angle  of  the  pick-up  aperture  is  dependent  on  the  location 
of  the  fee'd  horn,  the-  spacing  betwe'cn  the'  adjacent  feed  horns  govertis  the 
se-|Viration  be'tx'.e  eii  adjace'iit  beam  )x>sitions. 


H.  Phase  I'.rror  Distrihtukon  and  the-  I’eed  Scan  Angle- 

The  amplitiule  ind  phase  distribution  of  the  multiple'  beaml'omiing  matrix 
can  be  defe  rmiitetl  b\  tracing  the-  signal  llow  through  the'  network.  Since  all 
column  and  rov.  leiises  are  ieKiitical,  the- distribution  is  a se-yurabk'  function  of 
two  eariables;  one-  te  rm  is  given  by  the  coluirui  lens  aiul  the  othe  r temi  is  given 
bv  the  rov.'  le-ns. 

riie  far  field  pattern  as  derived  from  this  we  ighting  fimctior  is  also 
se-|virabk  in  two  principal  plattes.  tbnsecjuently,  the  ph;ise  error  from  the-  row 
lens  affe  cts  the  a/inuith  plane  patterns;  whereas  the  phase  error  from  the  columui 
lens  affects  the  elevatioti  plane-  patterns,  l or  our  present  application,  the  row 
lens  and  column  Uns  are  ide-ntical  to  each  other  so  that  the  phase-  error  e-ffect 
can  be  studie-d  bv  calculating  the-  phase-  error  distribution  on  only  one  of  the' 

le  llSe'-  . 
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IIk’  pliasc  error  clt'^trihutions  on  each  column  or  row  lens  (cii  cular 
pillbox)  liave  been  calculated  by  the  method  of  ray  tracing.  The  results  are  sliowai 
in  the  famih'  of  curves  in  I igure  I\'.  .1.  If  we  consieier  tlie  useful  (X)Ttion  of  the 
aperture  as  bouniled  1)\  tiu  points  in  which  the  phase  erroi'  curve  crosses  the 
axis,  this  aperture’  ratio,  I)  j/(2K.j),  can  be  tiete’rmineel  as  a function  of  K.,  for 
a specifie’d  allowalile  phase  error  such  as  10*^  or  20^.  This  relationship  i' 
pli/tie’d  in  I igure  r\’.4.a.  I igaire’  l\.  4,  b gives  the  ratio  of  Rj  R,,  for  optimum 
ae'  ustment  of  the-  feexi  focusing  to  minimize  phase  errors.  It  can  be  se’eii  in 
1 igure’  r\'.4,a  that  a wiele  r range’  e>f  value’  of  D.,  and  R.^  can  be  chosen  while’  the 
spherical  eil)erration  effect  is  fairly  small,  b'or  example,  a [xissible  set  of 
ek’sigit  yurameters  for  piiase  error  exf  10^  is  lisleel  below; 

Maximum  phase’  e’rror  witliin  ape  rture  (b)  = 10^ 

Raelius  of  circular  re  llecior  (R.^)  - 10\ 

Width  of  pickup  aix  i ture  (D^)  - 4. 1\ 

Raelius  of  fee’d  array  (Rj)  = o.2fS\ 

llie’  ape  rture  wieith  of  the’  phaseel  arra\  i'-  in  the’  area  of  sO  tej  (eS\;  tlie  l e leire , 
the’  si/e’  of  the’  pillbox  as  yiven  In  the  abo\e’  set  of  paramete  rs  is  rathe  r siredl 
when  eomtui  ed  to  the’  ape  rture’  ^i/e  of  the  pli used  arrav. 

As  •'hown  in  I igure  f\  . \ (>hase  error  dist ribution  on  tlu’  piekup 
a|\  rture  v irie  s v.ith  re  ^pe  ei  to  the-  le  e’d  Ikhii  location  or  tlie  beam  jxjsiiion 
eVe  It  Ihiwiuh  the  h ipe  of  tile  e rrof  cuive  re’iitiii’s  the’  same.  If  the  phase’  e fror 
di 'f  ribiit  ion  de>e  s not  \ ii\  a cieai  (leal  tor  all  i earn  position-  ol  interest,  a 
Sehmidt  '’  Pi  ol  eorreetioii  nuv  be  apulieei  !(/  reduce  tlie’  phase  e’rror-.  i et  - 
de  fine’  the  ail’cie  ell  nofnvd  to  the  lilaue  wax  e’  at  the  pickup  aue’fture  as  the  le’eel 
scan  anch  '|.  Hiis  angle  i ■ identical  to  the’  horn  location  angle’  a-  me’iilieined 
pre’Xiousiv  . nii'-  aiieie  j is  lel.Ueei  to  ':if  scut  angle  e)l  iiie  ithase’d  arra\  in 
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tlu-  following  nviiUK'r; 


sin^  = -p-5  siiio^  (4-1) 

:i 

in  which 

I)  is  tiK'  apcruii-L-  wkith  of  llu-  phased  array,  ami 
4 

2,,  is  the  scan  angle  of  tiu'  phased  array. 

l or  tiK'  }X)ssible  set  of  design  pai'ameters  as  mentioned,  tlie  fcaci  angK’  exceetls 
SO^,  thereforL',  phase  error  control  does  not  im}X)Se  the  lower  limit  on  the 
sizi.'  of  tlv  pilliiox  in  tins  case.  The  tiepetidence  of  tlw  feed  scan  angle  on  the 
witlth  of  till’  pickup  array  is  shown  in  I igtires  I\'..S.a  ami  fX'.S.b.  I'he  first  case 
is  a 1^  beam  phased  array  with  almost  unifomy  amplitiick'  weighting,  and  the 
second  case  is  a l'^  beam  phasiil  array  with  .10  ilH  Taylor  weighting.  If  it  is 
desireil  to  nxiintain  ferd  scan  angle  at  50^^  or  less,  the  width  of  the  pickup 
api  rtui'e  is  I4\aiiil  l~\  for  these  tw(»  cast's,  resix  ct  iyely.  Ilie  reasons  for 
maintaining  a sntdl  feetl  sean  angk  will  be  discussed  further  later  on. 

A possible  s(.'t  of  tk-sign  [virameters  kir  nciximum  feed  scan  angle  of 
is  listed  below  : 

MiNiniLim  feed  scan  High  . = id''’ 

Amplitudi  tapi  i on  [>ha-  ed  arru  - id  ill!  'laylor 

Width  of  pha  etl  irrit.  H,  - o2  \ (for  1*^^  btam) 

4 

W idth  of  piikup  arr  i\,  1)  ^ ~ l"".s\(see  I igiire  IX'.S.li) 

niasi.- I rror  Ik  fore  coii'ection,  ■■  - 2d'^  (s^'i.-  Tigtirt  l\.s.a) 

o 

Radius  of  cirtular  rcllitlor,  R,,  =2d\(see  Tiguri  I\.l.a) 

Ratlins  of  feeil  irray,  Rj  ld.S\(stt  l igure  l\  .4.b) 

It  i [>)ssihle  to  i ixluce  flu  phas^'  I n or  b\  a Schmidt  typt  of  correction 
It  the  pickup  array.  I'hi  - error  lorrtction  nutluxl  retpiires  insertion  of  liiu 


Kiiuths  equal  to  tlu'  negative  of  the  average  equivak  nt  line  lengtii  clue  to  tile 
phase  L iTors.  lliis  eorreetion  proei.clure  has  been  carried  out  for  the  above 
ilesign.  llie  pliase  error  ilist ributions  before  correction  and  after  correction 
are  sliown  in  1 igures  FV'.d.a  and  I\'.b.b,  respectively.  It  is  quite  clear  froni 
oliservation  of  the  two  Ltror  tlistriltutions  that  pliase  error  over  mucli  of  tlie 
apertufL-  is  greatly  improved,  and  the  maximum  pliase  i.rror  afti.  r conu'ction 
is  less  tlian  half  of  tlie  maximum  phase  error  before  correction.  'I'lius,  tliis 
metlicKl  of  error  correction  is  very  effective  and  should  be  incoiqxjrated  into 
the  circular  pillbox  design.  In  tliis  case,  the  maximum  pliase  error  after 
correction  is  only  8°  whicli  should  permit  realization  of  our  sidelobe 
olijective  of  20-25  dB. 

C.  Aperture  nistribution  of  the  I'ickup  Array 
1 . Analysis 

The  calcvilation  is  for  the  transmit  mode  of  operation,  and  unity 
pov.a  r is  incident  on  feeil  liorn  A as  shown  in  l igure  I\'.“.  'Hie 
calculation  is  pi.  rfornu'd  in  two  stepe:  (a)  fieki  at  refle  ctor  diU'  to 
feed  array,  (b)  fieki  at  pickup  array  dui'  to  fieki  on  la  nc-  ctor, 

( il  Computation  of  l ield  on  Rellector 

IIk'  reOector  is  diviilitl  into  snuill  si.gmi,nts  of  Kngtli  d,,. 
'I  lie  pov  L r receiveil  liv  aiU’  of  tliese  segments  is  given  liy: 

■) 

I’  - I’ 

2 ‘^12  i 

in  wiiicli  Ik  is  tlie  incident  )iower  on  ka'd  lioni,  anti  is  upial  to  I. 

g.,  is  the  transmission  coefficient  from  feed  horn  to  a 
snull  segment  of  rtlli  ctor. 


■)  - 


(A)  BEFORE  CORRECTION 


(B)  AFTER  CORRECTION 
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iTcuRi':  iv.fl  -niAsii  i:rror  nisi  rfbution  ai  imr  st  iiMim  corrixtion'. 


Hk  cletc'nr.ination  of  transmission  coefficient  is  shown  ii 
AppeiuiLx  B (equation  B-12).  It  is  given  below: 

2 7 7 

-‘^12=  K;7x"r<V''2<V 


in  wiiicli 


cl|^  is  feed  element  s[vicing 

d.,  is  spacing  of  >ampk  points  on  reflector 

7 

Bi(^j-)  is  active  piiwer  element  jxittern  of  feed  horn 

7 

■‘’9*  active  jX7Wer  element  iiattern  of  a segment  of 

reOector  and  is  etjual  to  cos  , and  is  the 
eiistaitce  between  feed  liorn  and  tiic  refle  ctor  1. 


Ilie  fie'lei  on  tlie'  rellector  is  given  by: 


r— 

V’2 


•b-ef  = 


(bl  fomputation  of  field  on  aperture  of  pickup  array. 

In  tliis  aisc‘,  the  contriliution  from  each  segment  of  the' 
l e He  ctor  is  comjmted  and  then  sun'-’ied  to  obtain  tlie'  total  field 
at  the-  api  rture  . I'ollowing  the-  same  procedure  as  part  (a),  the 
field  at  any  elenuiit  in  the-  pickup  array  is  given  as: 


^ ' ref\TT~r\‘  •'’2*  "r^ 
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segment 


ill 


:u';!vt  I'li'ii.in;  '(I.i'T:  rn  ihi  hoir  r 

clirif!i\'(.  pltt^.^il^  tiur.  Ilu-  c:>>ini  luiiction  oi  tlu  lart;c 

■']ML  iiig.  An  rn-.pi I'ormalj  has  ht.i.Ti  di,'\  (.lopcci  lor 
in  -\ppciKlix  i . \ , it  slill  assumi.‘s  tlu  tosiiic  function 

ovi  T tile  sum  1.1  ngo  witiiout  grating  lolu  's  and  assunus  lastcr 
rolloff  oiitsidi.  this  langx'. 

Ntiiru.ri«.'al  Rostilis  of  a MiiltipK'  lioam  0\a'rlapping  ^iiiKirray 
Antonna  lAsign  (Multiple  lAamlorniing  Matrix  t 'on'iirisod  of 
Staokoti  I’illiioxc.  s). 

Hasod  on  t Ik- dosign  data  in  l igtiix  s I\  . I\'.  h ami  I\  . S, 
an  antoiina  liosign  ha"  lu'cn  worked  out  to  yii.'ld  l''’  lieamwidth  and 
3 dl5  crossover  Iti'twcen  iieams.  'Hu  circular  jiilliiox  for  this 
antenna  design  is  shown  in  l igun,  I\'.S.  Hie  design  parameters 
ari  imiicated  in  the  figni\  . 1 or  this  (k'sign,  the  anahiical 

formula  as  derix’ed  in  the  l ist  soction,  was  used  to  compute  tlu 
aperture  distrilnitions  on  the  pickup  arra\'.  The  amplitiiik 


1 


distributions  as  a function  ot  scan  arc  sho\m  in  l iifuri.-  I\'.9,  and 
the  phase  distributions  as  a.  tunction  ot  scar,  are  sliown  in  l isture  f\'.  10. 

Hie  amplitude  distribution  is  almost  uniform  for  all  scan  angles: 

therefore,  the  c!ose-in  sidelobes  are  in  the  -14  dH  level,  liecause 

the  amplitude  distribution  rolls  off  sharplv  outside  the  pickup 

array  aperture,  the  spillo\-er  and  mutual  coupling  loss  in  each 

pillbox  is  only  .5.  d!5.  Because  the  multiple  beamfontiing  matrix 

consists  of  Uvo  sets  of  pillboxes  in  cascade,  the  comiiiued  lo.ss  for 

tile  multiple  be anUorniing  natrix  is  1.  14  dB.  The  spillover  and 

mutual  coupling  loss  ean  be  iiientifictl  as  beairi  coupling  loss  as 

'■'■ill  be  discussed  further  later  on.  .Stein'  has  conTjnitcd  the  beam 

coupling  loss  of  a multiple  beam  antenna  in  which  unifomi  di.siri- 

liution  is  usexi  for  all  beams,  lie  computed  a value  of  1.2^o  clB 

2 

(q~  - in  i igure  4 of  ■Stein's  paper)  for  crossove  r level  of  '5  dB 
I'ctwecn  beams.  'ITn-  phase  error  across  the  aperture  is  verv 
•null  •.vlhcl:  collaborates  with  the  results  obtained  by  ra e tracing 
prc'viouslv.  rile  far  fi-  ld  ratterns  were  computed  from  the  aperture’ 
di  tribution:  atxl  .ire  showT  in  Figure  H’.  11.  In  generil,  -idelobe 
level  of  !4  dB  i:  i!>tainid  for  all  beams,  wliich  i:.:  expected  for 

near  opti-’nujr'.  luaplirude  di -tribntions. 

i ‘ . Hearn  Coupling  L/ass  and  its  nependence  on  ( rossover  !..evel 

An  excellent  tliscussion  oi  beam  coupling  in  muliiple  iie-am  antennas  has 
lieen  puliiishexl  Iv.  Stein,  lie  elefinetl  the  tenie,  "radiation  e fficiency"  as  the 
traction  ot  powe  r radiated  from  tlie  teed.  Raeii.ition  efficiency  is  denoted  b\ 

<1^.,  k being  the  index  of  tin  multiple  beam.  1 - represent s the  power  loss 

between  the  input  terminal  to  the  kth  beam.  We  nuy  ideiitifv  this  te  mi  as 
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FIGURK  IV.  10  - RESIDUAL  PHASE  ERROR  AFTER  A SCHMIDT  CORRFTTION. 


"iK’ani  couplinu'  loss,  " I.,..  I'luis,  for  imilv  iniuil  ix)\vl'I'  at  tlu-  Ka'cl  horn,  tiu’ 

i\ 

radi.itL'tl  powLT  I rom  tlio  anionna  aiiorfuro  is  given  as  tIU'  porrion  ol  ixnver 
I'oniaiiKtl  within  tlK  illumination  angii  . The  halanee  is  aecoiintahle  by  power 
eontaiiKxl  outside  the  illumination  angle  ideiil  i I'iahlv  as  "spillove  r loss'  and 
eoupling  from  tht  feeil  array  element  to  other  radiating  elenunts  within  the 
arrav.  whieh  is  identifiable  as  "mutual  eoupling  loss."  bi  t he  above  vie\‘- 
point,  beam  coupling  loss  is  the  sum  of  spillover  anil  mutual  eoupling  Iossls  lot 
till’  staeki'il  pillbox  multiple  beam  antiaina. 

riu'  power  per  unit  are  length  radiati'tl  by  tlw  feed  horn  into  Irei  spaet 
as  distanee  K from  the  fei-d  is  (l(=)/(2  K).  'Hk  total  radiati’d  power  eontaineil 
within  illuminat ion  angle  2'.,  is 

± (;(p)  i|s.  = ,4-.S) 


('if  2)  is  thi’  gain  funetion  of  the  feed  arrav  eleuvnt. 

riiL' gain  funetion  of  feed  array  element  is  given  as 


(K  r.) 


2"d, 


S"  { I'.'i 


Till'  gain  funetion  and  the  aeiii'e  elnrient  [xittern  S(  i)  are  diseussi'd  in  Appendix  li 
and  Appendix  C,  ri'spietiveh-.  Substitute  (Ifc)  into  erjuation  (d-o),  wi‘  obtain  thi 
following: 

dj  2 

S (e)  da  (4-P) 


'Ilie  above  I'tjuation  is  rather  instructive.  If  we  assunu-  that  the  feixl  arrav 
element  sjiacing  has  been  selected  so  that  dj  and  S(  q)  ari'  known,  reducing  thi 
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illumination  half  anglo  ■ would  roclnco  tiu.'  radiation  (.•n'iciL-ncy  (T.  ihis  olv a r- 
vation  is  obvious  from  t Ik-  staiKl(ioint  of  spillover  loss  as  simill  illumination 
angle  tends  to  increase  the  spillowr  loss  of  la  tlector  anti.  nnas.  'I'lie  illumination 
angle  is  a monotonie  function  of  (H  j/2R,,);  thus,  increasing  R,^  after  tile  feed 
element  sixicing  is  fixeti  means  increasing  spillowr  loss  and  reiiuced  ratliation 
cfficii  iicw.  Rv  going  tlirough  similar  line  of  argument,  it  can  also  he  conclinled 
that  iiu  reasiiu:  tlu'  kail  ek'ment  s|xicing  d^^  afti.'r  tlu'  circular  rellector  radius 
R.,  is  fixed  wouUI  tend  to  retiuci.'  spillover  loss  and  increase  radiation  efficienev. 
I'or  the  design  in  the  last  section,  the  beam  coujiling  loss  was  iletermined  to  Iw 
1 . 14  dll  for  a 1*^'  beamwidth  antc.nna  with  ,1  dll  crossover  lutwei-'n  the  ad  jacent 
beams.  IV'-'igns  in  which  othe  r fe  ed  edement  spacing  is  use'd  so  that  creissoveu' 
le’vel  othe  r than  ,1  elli  is  obtainexl  have  also  bean  workexi  out.  The  beam  se-}xtration 
of  the  se'  elesigns  is  given  in  bigure'  l\'.12.a.  'Hu  beam  coupling  loss  is  given 
in  1 i guile'  I\'.  12. b.  'Ilie  effect  on  beam  coupling  loss  due  to  crossover  le'vel  is 
sumnxtri/exi  in  bigure'  F\'.  12.  c.  It  is  ratlwr  renxirkabU'  that  beam  coupling  loss 
elepe'iieis  principully  on  beam  crossove'r,  but  not  on  fe'e'd  e'k'me  nt  spacing  of 
pickup  ape  rture'  size. 

b'.  Me'thoel  of  Rrovieling;  Amplitude'  Taper 

When  the-  feetl  array  e'k'me'iit  spacing  and  circular  reHe'Ctor  radius  were 
sele  cteel  to  yield  a 2 to  4 dll  crossover  leve  l between  beams,  the'  amplitude' 
distribution  for  e'ach  beam  was  almost  uniform.  'Hie  associate'el  sidelobe'  k'Vel 
is  about  14  dll.  It  is  obvious  that  a me'ans  tei  increase'  the'  amplitude'  tape  r is 
rerjUifeel  to  yield  a side'kibe'  level  ill  the'  orde  r of  2(1  elll  or  below.  Ikree'  metllexls 
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are  discussexi  below: 
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! ICCRI':  l\L  12  - l!l-..\M  COITI  IM;  \ liKSUS  ( ROSSOX'HK  C'llARAC  l l-.Rl.S'l  ICS 


I^i.st<tivi.'  Ijtxriiit; 


riu-  I'ii  vt  nutlkxl  is  to  use- Jltiiuiators  ai  ilu  oiitpiils  ol  tlu  pickup 
a)X'rtui\  . Complete  amplituck'  control  is  acliirved  with  this  nn.rh(K!;  however,  tin 
extra  loss  inciirik’d  is  very  high  as  shown  hv  laJilc  4. 1. 


'I  AHi.i-  1. 1 - vnnn  lONAi.  i.oss  ix  an'i  i-.xna  cain 
ni'l-:  TO  Kl'lSISTIVK  TAri-KINC. 


Si(lelol)C  Level 
( laylor  Distribution) 

14  clli 
20 
2S 
iO 


lU'sistivi'  Loss  for 
One  Level  of  rillhos 

0 clli 
2.  I 
2.7 


Additional  Loss  in 
Antenna  Cain 
(2  la'Vels  of  Pillbox) 

0 dl) 

4.2 

S.4 

0.2 


I'his  adilitional  loss  is  superimposed  oit  the  beani  coupling  loss  as 
given  in  the  above  faldi.  . I’or  25  dH  sidrlobe  liesitrn  in  i)oth  planes,  and  ai)out 
i dli  crossover  li  ve),  the  total  beam  coupling  loss  is  o.5  dli.  The  ■'Pillo\i.  r 
and  mutual  coupling  loss  is  1.1  dlianci  the  i-esisiive  tain  ring  loss  is  '.4  dH. 
Stein  has  compuls'd  the  iw.im  coupling  loss  for  the  ( 1 -r'"')  distribution  in  w'hich 
IIh  first  sgielolie  is  24.0  dH,  lie  iibtained  a lieam  coupling  loss  \aUu  of  dH 
for  i dli  crossovc  ;•  le\'i  1 . It  is  ((uiti'  i lea r that  resistive  t iix  i ing  is  not  an 
optim.um  nut  hod  of  achie\uig  the  desircil  sitlelolu  control. 

lilock  I ceding 

Till'  si'conil  matluxl  is  to  usi'  a block  feeding  tichniqik  in  which  two  or 
more  fei'd  array  elenunts  are  extited  together.  As  shown  previouslv,  a Ivpical 
fevd  array  i-'lenaent  pnxiuccs  nearlv  uni  form  di  st  ribiit  icni  at  tlw  pickup  aperture 
with  a feed  scan  angle  The  adjacent  I'kimiit  pnxhues  a similar  am(ilitudi.- 


40 


ilist rihiii ion  and  101.11  scan  angle  -sS).  .S  denotes  the  separation  lietween 
adjacent  heane^.  'Alum  t'aesc  rwo  <'lenvnts  ,ire  excited  simnltaiu-ouslv,  tile 
resulting  amplitude  ciisfrilnifion  is  approximatelv  a cosine  tiinction  and  rlie 
comliinetl  fei'd  scan  angle  is  (-j  “ S/2),  l-igures  lA  . ! .2  aiul  t\'.  14  show  two 
examplLS  of  the  taper  actiie\etl  !iv  I'lock  leeding.  In  ! igure  f\  , n,  tile  beam 
separaiion  before  lilock  fei'ding  is  et|ual  to  one  lieamwuitli  of  llie  single 
eKani  Tii  c-isc'.  'Hic  ’.dge  taper  in  tin- an'.plitude  di>t  rilnil  ion  curve  sliown  in 
l igui'e  r\'.  l.i  is  .ilnmst  equal  to  ilu  .!()  ciB  Tavloi'  distribution,  llie  computed 
far  fii  Id  natts-rns  sliouai  in  Idgiire  lA’.lri  for  this  ca~i  indiiaie  siqclolw  levtls 
ol  aboui  -22  dl).  I igun.  1\  . 14  shows  tiie  amplitud'  taper  for  tin  case  witli  1.23 
I'eamwidths  in  air  ration. 

A trongi  I-  amplitud’.  t ii'er  is  proiluceit  in  tins  case.  I'Ik  amjilituili 
ill  si  nbut  ion  i.U’\ .■  is  1-..  low  ilu  id  II'  :a  lor  iistrilnition:  IioW’.aa.  r,  tlu  sjiitlobe 
1-  '..  i ii  nvi  II  ’ ai  aboil!  -22  ,1!' 1-.  .,aii  . ol  ilu  lace  ,,!  prici  -i-  conlrol  on  the  shape 
' ’ hi  r • ;4  .1  '■  t ; ibii!  ie:i. 

< I )i~  j arai  ion  4 B1  w.e  ' i,’i  ding  md  K ■■•i  'ivi  I api  ring 

I 'll  rbiii!  n-.i  ihe-|  of  ir  plit-ai,  .i-itrol  i-  to  use  a i .nnJ'ination  ol  block 
f 'I'ling  and  resistiia  rapi  fine,  t'-  ■ r ei  igiiri  ■ f\'.  1 ' ind  I'.'.  14.  IIh  nrplitude 
• iper  al  the  itlgi dui  to  bio- t e idiin;  e ijint-.  tdiiiuate,  ve*  low  adi’iobe  levels 
I re  not  pi'ixi  t’d  ln’cause  oi  ft  ‘ap',  ’T  I’l  .nrplitude  di'-triburion.  \Mieii  tiiese 
mil'll  it  udi'  dist  ribut  ions  are  lon  .lu  ml  w it  li  the  I a \ lor  di  st  ri  but  ions,  the 
diflereiui  behiVi-cn  tliem  is  not  griat.  Iliu-.  it  is  permissible  to  trim  the  block- 
fid  imfilitude  dist  ributi.itr  I'll  i-iaivi  tapi  ring  to  produci- a low  sidelobi' design 
Aithoiit  incurring  largi  lo-  1 . I'lu  iitenuator  los-.  incurred  in  mixlifving  tlie 
urpliiudi  distribution  tn  1 igtii'i  lA  . 1 a to  a iO  lii!  I'avlor  is  al'out  1.4dBas 
iotii)vtred  to  (1.2  dli  v.lu’ti  onlv  l e-a-tivi'  ta)x  r\ng  is  applii-ii.  hi  addition,  the 
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I ii;iirf  IV. 14.  AmplimJc  l)iMrilnitii)ii  U.sing  Block  I'ccdini; 


I I tl  1 P I’AI  liHNS  l-OK  fii.on  ! I rniNCOI-  'i  wo  i lOKNS 

\\n  rrvi  'i  aitkim  .. 


4=1 


71050- 


It)-'  (.'op.ipoiu'ni  (liK  to  s)iillo\’i.  i'  anti  nuiuial  coupHii;.’  lias  also  Itofii  v'irtuaJh 
fliminatctl  b\’  i)K)ck  I'tciling.  Hk-  Tar  licki  pailonis  ol  tin  - tit'sieii  have  been 
v;)iuput(.xi  ant!  shown  in  I'iguri  Pv'.ln. 

C !'asso\ff  1 t’t’t’l  liL'tvvt'n  Htvlnys  uiien  lllock  i ecdiiiiz  is  I 'seti 

rhf  beam  frossowr  Kntl  and  iiu-  beam  coupling  loss  a la  dcpciuicnt 
on  tlu  ncinncr  with  which  the  iced  element  are  letl  and  selected  bv  tile  beam 
switcliiiig  nutrix.  1 iguix  !\'.17  shows  three  )V)ssibK  ways  oi  Iceiiing.  Hean'i 
s.itction  in  ! igurts  I\.l“.a  and  l\.l~.b  is  itkntical  to  tlic  case  liei'or'  block 
teetling  is  applied.  Ue-ani  switcliing  as  imiicated  in  ! igure  IN  .IT.c  nxiy  be 
incorporated  in  the  beam  switching  nvitrix;  thcreioi'e,  the  be'arn  switching  nvurix 
th  sign  lor  l igiirt’  1\  . 17.c  Is  tliri’ereair  from  the  first  two  cases,  hi  I'ig-ure 
[\  . I “.a,  atljjcent  horns  are'  block-feti  together  iiy  a nugic-tee.  He'am  separation 
is  given  by  the  tiistance  of  two  feeal  ek'ment  spacings.  nu  crossover  le'vel  is 
s till,  lie'am  coupling  loss  is  negligible'  because  of  the  incivase  of  directivity 
of  the  block-fe'd  ilhimination  jxittcm. 

In  bigure  IN'.IT'.i),  each  feed  horn  is  coniU'cted  to  two  he'am  jxirts 
through  a ,1  dll  itov.cr  tli\  ider.  Hearn  separation  is  now  give'n  iiy  one  feed  clcniejit 
solacing,  and  the  crossover  leve'l  rises  to  2 dll.  'Ike  iieam  coupling  loss  is  2 dll, 
which  arises  from  the  d dl!  jxiv.t'r  loss  through  the  power  die  ider. 

In  I'igure  IN',  l“.c,  a feed  horn  nvty  lie  switched  to  e'lthef  one'  of  the 
adjacent  two-beam  comliining  hybrids.  In  one  sevitching  peisition,  beana  1 is 
geiu-rate'd.  If  one  examines  the  switching  operation  in  bigure'  I\'.17.c  closely, 
it  i-  appiri'iit  that  this  switching  position  prevents  the  forimtion  of  beam  2, 

In  general,  si'iecfion  of  one  beam  prevents  fornvition  of  the  aeljacent  beams. 

riu-  crossover  K'vel  between  beams  in  b'igtire  I\'.l7.c  is  2 dll,  and 
the  be■an^  cenipUng  kvss  attributed  to  spillover  and  mutual  coupling  is  negligible'. 
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I (-■niptoyi.illoi  ai.KlitiaiuIsicii.lobi  supprc  s,.,ioi..  'llu' tli.sadvanuuc-  in  llu  llii  i i- 

j (-■Iniicnt  block  lccdiii)4  design  is  the  added  complexity  in  the  [Xiwer  divicK  and 

tile  doiiblinc  ol  the  luimlier  ol  ruiuircd  feeding'  elenieiits  in  each  pillbox.  .\n 
alteTiutivc  .sclieiiv  ol  pro'viding  block  leeiling  in  the  lieam  swiicliing  matrix  is 
also  avjilai'h  . I'iiis  will  he  discussed  lurther  in  later  seclion--  \vin  !>  the  ii  u 
switching  nutrix  dc  sig;r  is  discusscii. 

TAHLH  4.1  - SUMMARY  Or  t RO.S.SOM'.R  .WD  .SIDI- I.OiU-.  L1-;V1-:L  bOl. 

TllRL-R-llOUX  BROCK  l-Td-ddlNi.-. 


Case 

Beam  .Spacing 

•\nnilitud. 
Weight  in.. 

Ht  -am  Crossover  1 
I.c-w! 

Sideloiie  Level 

I 

1° 

.4.5,  1., 

. 4S 

i.'di;  ■ 

33  (IB 

V 

.2.5.  1., 

■yz. 

2."dB  i 

2R  (IB 

3 

l" 

.20.  1., 

.20 

I 

-4.0  clli  1 

) 

2d  db 

4 

1° 

. 15,  1., 

j 

3.  4 dB  j 

1 

22  dl 

uio  resisiivi  taper  applied 


I’illhox  Desigii  for  tlie  .Vliove  Pata 

1.  Radiating  aperture  = .10  x 2.()ti4\  - ol.'-iax 

2.  I’illhox  radius;  R.,  = ~ 9.7.a\ 

3.  I’ickup  aperture --  lo..3\ 

4.  Maximum  scan  angle  in  the  pillbox  = Id®  (for  9°  lieam) 

Scan  angle  = 31.. 3^’  for  r”  beam  in  spac  c 

5.  Ilic'  horns  are  spaced  so  tliat  their  beams  art  l'^  apart  in  s[iace 


52 


V. 


Mil  KNAIh:  MUl-'l  ll’l.l-:  Hl-AMIOKMIXC  MAl'KIX  (C'O.VSI  R A IMvl)  l.l'XS) 


A,  l)i.  >t.  I'ipi  ion  ol'  tliL'  Multiple  Ixam  Constraiiicil  Ia  ns 

ll  is  Well  known  llui  ivn(.'ctor  anti-nnas  can  ho  stannod  hv  a physical 
ilisplaccnu  nl  ol' the  I'ccxl.  hi  the  cast.' of  a spherical  rcOi-  ctor,  spherical 
ahenation  phase  i.  rror  exists  lor  all  scan  anyles.  Howeve  r,  tlu  scannahle 
ranpe-  is  cjiiite  laryv.  When  nunv  Iced  horns  are  located  in  front  of  tlu 
retie  dor  to  feirm  nuiltiv>le'  heams,  they  e-ause  apeadtire  blockage'.  In  general, 
this  )-)rohle'm  is  a se'Ve  i'e'  limiting  faeteir  when  the-  numl'cr  of  fee'd  honis  is 
large  as  in  a Ivpical  multiple'  beam  antenna  de  sign. 

A siniple'  solution  to  the'  aperture'  lilockage  preible  in  is  tlu'  offsetting  of 

the  fe'e'tl  with  respe  ct  te)  ihe'  re  lle'clor.  Othe  r solutions  to  this  blockage'  proble'm 

4 

have'  been  eievelopeel  b\'  Hughes  Aircralt  V'eM'iipanv  in  ilie'  HIHA'I'  antenna  and 
the'  neuliiple'  leeam  eonstraiiU'd  leiis.''  In  the'  lllHA  1 antenna,  as  showai  in 
I igure'  \ . I,  the  arrav  ol  fe'e'd  luirns  is  nude  transparent  b\'  the'  applicatiein  ol 
elu.ll  e'ircular  peila  ri,' ition  in  a elupK'xing  arri\.  In  tliis  eluplexing  ari'u  eiiU' 

"ense'  of  cireular  nolari.  ation  is  usexl  for  transmission  tei  the'  retleetor  aiui  tlie' 
oilhogeinal  sense  is  USe'el  to  re'Ce  iee  llle  re  tleCleel  va\e'front  from  the'  fe'lle  ctor. 

Hte  re'ee'i\'e  Signals  ate'  iransminexi  lii  a transfef  arra\'  leir  ie"-raeli  at  ing  iniej 
s]viee  . ht  the  multiple'  iie'am  eeiiv-t  1' aine'ei  lens  which  is  rcall\  a eie fivattve  of 
the  HIHA'I  belts  (as  shown  in  I'igtite  \'.2),  the  blockage'  probletn  is  axoielexl  by 
repbie'ing  the  spiu'i  iejl  re  flecteir  by  nu'ans  eit  iwei  sphe'fical  array  surface's  with 
e'f|ual  inte'rconneeting  cable's.  In  this  manner,  beith  eie'x  ice  s can  lu  usexi  as 
muliipli'  beam  nvttriee'', 

ihe'  mtilticile'  beam  constraiiU'd  le'tis  as  utilicexl  in  the  pre'se'tit  application 
i'  -hown  in  I igure'  \ . i.  Ksse  iit  ialh , it  re'places  the  two  sets  of  stackexi  pillbejxe  s. 
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( .oiisli.ir  u'i! 


It  sliarcs  thf  wiilfhaiul  charactcTistics  of  tlii’  stae  koil  pillbox  dLslgn  in  tliat  tlic 
liL'an^s  do  not  scan  vvitli  frequency.  It  lias  tlu'  ap|xirLiit  advantage  of  requiring 
fewer  components;  however,  the  requirement  of  interconnecting  cables  lietwatn 
tlie  two  spherical  arrays  represents  a rather  significant  disadvantage, 

II.  0|-)timal  Selection  of  Lens  Paranu’ters 

Ilie  design  consiiieration  of  lens  optics  is  parallel  to  that  of  the  stacked 
pillbox.  In  fact,  the  phase  error  distribution  of  the  spherical  lens  is  identical 
to  that  of  the  pillbox  when  the  proper  c-quivalence  is  made  on  the  distance 
varialile.  Thus,  the  selection  of  Rj^,  R^,  and  (see  l igure  V.2)  follows  the 
design  data  in  b'igures  IV.  3,  IV.  4,  IX'.S,  and  I\'.6.  As  shown  previously,  the 
crossover  level  can  be  adjusted  by  either  variation  of  feexi  horn  spacing  or  the 
aperture  dianxeter  over  spherical  radius  ratio,  'lliis  proeexiure  has  been 
followed  and  some  sample  cases  have  been  studied.  In  b'igures  \'.  4,  W5,  and 
V.6,  the  radiation  patterns  for  ci'ossover  levels  of  2.2  dB.  3.0  dB,  and  4.0  dB, 
respectivelv,  are  shown.  Ilie  siilelobe  level  for  all  cases  is  about  -14  dB; 
therefori.',  ailditional  sidelobe  suppri-ssion  by  nunns  of  block  feeding  on  resistive 
tapering  is  also  rcxjuiinxl.  'lire  depeirdence  of  beanr  coupling  loss  on  crossover 
level  is  shown  in  l igure  V.7.  t'omparison  is  made  betxveeii  this  design  and  other 
[xrssible  designs  such  as  thi'  Ikitler  matrix  and  the  design  (.anploying  stacked 
pillboxes.  Hie  result  as  obtained  by  Stein  is  also  includcxi  for  comparison. 

It  can  be  observexi  from  l igure  V'."  that  all  curves  with  the  exception  of  the 
case  of  the  spherical  constraincxi  lens  are  very  close  together,  which  indicates 
that  the  Butler  rrvitrix  and  stacked  pillboxes  under  optimunt  circuit  matching 
conditions  are  close  to  perfect  multiple  beamfomring  devices,  lire  spherical 
lens  actually  is  also  close  to  the  sarru,'  condition.  Ilie  increase  in  beam 
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I ic:rRi'  V.4  - 1 ,\R  rn.i.n  pati  hrn  oi-  array  wnii  spiii-ricai 

l.HNS  Bl'AMl  ORMKR 
2.2  dH  m:AM  C’ROSSOVRR 
d.  I (IB  BI'AM  C OUPLING  LOSS 
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G)EAr^  CouPliajG 

Loss  , di3> 

5.0 


4.0 


3.0 


i.O 


1.0 


O 


To  adiii'Vf  noil -oi'tlioponal  beam 
cros.sover  end  output  port.*^  arc 
loaded. 


I K.llRb;  V.7  -COMI’AHISON  Ol'  m;AM  t'OKIT.IXC  I.OS.S  Ob'  VARIOUS 
MIJI.  I Il’l.I-  BHAM  MbATUl'lS. 


coupling  loss  of  approximately  0.4  dll  for  the  spherical  lens  arises  at  least 
in  part  from  the  fact  that  the  aperture  distril^ution  generated  by  the  spherical 
lens  pwssesses  slightly  stronger  taper  in  the  diagonal  cuts  through  the  aperture. 

This  effect  minifests  in  the  low  sidelobes  for  this  case,  lliis  fact  can  be  ' 

observed  by  comparing  I'igure  4 to  IV.  11.  | 

I 

I . Methods  of  Ihoviding  Sidelobe  C'ontrol 

Sitielobe  suppression  by  means  of  block  feeding  and  resistive  tapering 
can  be  applied  in  the  same  manner  as  discussed  in  Section  IV.  K.  It  is 
expectetl  that  similar  tradeoff  in  system  complexity  and  antenna  efficiency  also 
applies  in  the  present  case. 
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BEAM  SVVncniNX:'  \L\TRI.\ 


n.-sci~iption  o!  tlv,’  B'.arr;  Swiuniiii;  Nuitn.y  i^i.  ijocs  i'c/c-diii!: 

1 :k  I'.rst  St  li-ciion  nn.'d!(xl  lo  Ik-  con-^d;. » Lti  v_o.  ...  t _ .int'r.  > 

chanU'.-i  to  oit>.  ■>!  A aiitv'ruia  Lonr.:"als  lO'jtpi'  > uu 

nitilnpli.  iuan.  i:\iii  1X1.  1- ieuri.'  \'i.  i . ^ shov,  • anturix  ■ it  .-'k  iisct' to 

a <inj;U  n.(.i.i\v  bi_air.  irorr'.th-^  N avail. liilt  l>ca:r.  po  'ion  tij'minai,'  at 
thv.-  anu  ntu  oiitTHit.  I ik  iixirrix  is  a sinipK-  switcliiiie  tree  vont  : - 

sinek'-iK)k.  (JuuliK  -tlirow  (.si’DT)  '-.vitching  jar. jt ion,'-.  Tne-  nun-.-,  v of  s\vttchi-> 
: l.■G',urcd  to  ,--ck  i:t  a singk-  rt  coivc-  bi  arr;  i>  thn-  ruat  h .fiuai  to  tiiv  total 
mnriiH'r  oi  receixa.  neanr  }XD--a  ion*^. 

l igurv  VI.  l.h  shows  a matrix  for  sek-vtiug  'wo  rtccivo  boanv'^  sin-.u!- 
tam-oiish.  i-.ach  .intonna  output  terminal  is  coniKtioiI  to  an  sl’Dl  -.'.itUi  wliic! 
,-elfCts  om  of  nvf>  switclung  fixes  for  each  of  tin  inicnn.i  o, itp.it  lead-.  Tlv. 
outputs  of  thc’SL'  switches  are  lonni  ctexi  to  two  s'.iichinf.  tn-is,  ead  of  wliid; 
is  i lintical  to  that  of  i imire  \ 1.  l.a.  TIk  inuvJier  of  sv.iLcIks  tx<iut;xvi  for  tliis 
two -beam  matrix  i (.5X-2). 

•\n  important  diaracterisfiL  o'  the  design  in  I'igiiri  N'l.l.b  is  tlie 
indeix-ndt  nee  of  the  two  tieam  ehoii , s_  With  the'  .'^PPT  sy  itd'e.s  at  tin.  X input 
i'eam  ixasitions,  the  chotee  of  h.  am  position  for  beam  I does  not  affeeV  the 
choice  for  Iteam  2.  i'his  method  can  be  extcndcxi  to  S simultaneous  beam 
selections,  and  the  numiHr  of  switche.s  required  as  X(2S-1)-S.  np.-  mefhoc^ 
of  iieam  switching  is  the  most  coslh  v,  ilh  respect  to  numlH-rs  of  retpiii  id 
,sv,  itche:-.  Tliis  high  cost  can  he  attriinitexl  to  the  independence  of  choi..  of 
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Iri  RE  CE  IV’E  R SWITCHING  MATRIX  USEO  TO  SEl  ECT  S 
S.MmTANEOUS  RECEIVE  BEANIPOSITIONS 


( ‘-3TT  ii  (il  lO  ;f) 


1 [(ii'Ri-:  \'i.i  -ni'.sicN  PKiNcii’i.i-:  01  'mi-  swi  rciiiNc;  matrix 


An  alternate  niethcxi  of  selecting  two  smuiltaneous  receive  beams  is 
shown  in  l igiire  \'l.  1.  c.  In  tliis  design,  the  N inputs  are  divided  into  m groups 
of  n beam  )X3sitions  per  group  (mn  = N).  'Hie  first  level  of  switching  contains 
m switching  trees  with  n-1  SPOT  switches  in  each  tree.  'Iliis  level  selects 
one  beam  position  for  each  group  of  n inputs  resulting  in  m outputs  from  this 
switching  level,  llte  second  kvel  of  switching  selects  one  of  the  two  nceiver 
switching  trees  for  each  of  the  m leatls,  and  the  tliird  level  of  switching  selects 
one  of  the  m beam  ]x>sitions  for  each  of  the  two  simultaneous  receivL'  beams. 
'Hie  second  and  third  levels  of  switching  are  entirely  analogous  to  the  selection 
methcx.1  of  I'igure  \'I.  l.b,  with  the  exception  that  the  input  has  ni  leads  instead 
of  the  M leads  of  I'igure  \'l.  l.lt.  Ihe  numiier  of  Sl’llT  switches  re(|uired  for 
selecting  two  sinuiltaneous  receive  beams  using  thi'  grouping  methtxl  of  l igure 
VI.  l.c  is  i\{l  ‘ (2/n)}  - 2.  Ihi  s requi  reiiK'nt  is  nearly  one-tliird  the  numiier 
of  switches  recjuircii  for  the  nvitrix  of  1 iguri.  \ 1.  l.b  depiiiding  on  the  numiier 
of  beanes  in  each  group,  n.  Ihe  reduction  in  requi ritl  numiier  of  switches  can 
be  attributitl  to  a ruluced  flixibilitv  of  the  seketion  opi  iation.  TIk  iiuti  ix 
of  I'igure  \'I.  l.b  has  the  capdiilitv  of  selecting  thi'  two  reci  i\i.  beams  in  a 
compkti.lv  indcixiKk'nt  mtnner  while  tlic-  nutrix  of  rigex'  \'I.  l.c  is 
restricti'd  to  si.'lccting  the  two  bi.-ams  in  different  groups.  It  can  be  sfi'ii  tliat 
riK  largi.  r thi'  group  (an  increase  of  n),  tlu  less  flexibilitv  iKcause  oi  tiu 
increase  in  numiier  of  beams  excliulcd  from  simultaneous  si  kction. 

rile  two-lnam  selection  matrix  presinteci  in  l igure-  \ 1.  l.i  ean  be 
exte'iided  to  select  S simultaneous  re'ceive-  beams.  Ihe'  nvitrix  de  sign  which 
accomplishes  this  is  shown  in  l igure  \'l.  l.d.  As  in  the  two-be-am  nutrix, 
the-  first  le  vel  of  S beam  nvitrix  s,  k ets  m bc'im  (xishions  freim  the  teital  \ 
inputs  by  sek  cting  a single  beam  from  each  of  the-  m groiqis  of  n inputs  pe  r 
group.  Ke-fe-rring  to  I'igure  X'l.l.el,  the-  sceeiitd  k\el  of  the-  nvitrix  selects  one- 


of  t—  / ■ t'.'r  .'.idi  c*^!' t!i-  m:r-'  Il'Vl''  ouipi:; : . 

switching  rh'.-n  .->dLCt.-  liic  S sinUilianL-ous  bi.-jp.X'  \vhich  appear  ai  i!‘i'  autpr- 
the  r.iatrix.  With  this  nxitrix  desipi,  tlu  second  and  third  levels  ot  s\vii:;hir.. 
allow  anv  one  o;'  ri"c  m lirsi  ievel  oirput^  to  be  routed  to  any  one  of  the  s iMv.n 
line;-,  dlic  niniilxr  of  switching  iiuictions  required  for  tins  d;'  .ign  wine'- 
selects  S simultaneous  indepi.ntiem  receive  heanx-  can  be  shown  to  !v  td- 
following: 

\ 2 . f - 

Nunil>er  of  Sl’DT  switches  - \ 1 — (S-1)  ■ - ,S  (■  -1 

I n \ 

where, 

N - total  numlier  of  reevive  beams  avuilaiili.  at  the  antenna  ourpu: 
temri  nals 

n = nuniier  of  receive  beams  fX'!'  group 

S = nurnlier  of  simultaneous  selected  receive  lieams  at  tin.  matrix 
output. 

B.  Beam  Switching  Matrix  I'fesign  for  BIoi.k  l-eediiig 

'nie  design  concept  for  the  Iteam  swit tiling  matrix  without  block  feeding 
can  be  extended  to  tiie  ease  of  Idock  feeding  by  tlie  steps  below: 

1.  Subdivide  tlie  feed  element  locations  into  similar  block  ■ ot 
elcnreiits  as  shown  in  l igurcs  \'I.2.a,  \'I.2.b,  and  \'I.2.t. 
llirce  exampk  s arc  sliowTi.  the  four-clement  group,  the  ttine- 
r'lement  group,  aiul  the  fivt  -element  group. 

2.  An  ekanent  in  a specific  position  within  tlic  block  can  Iil 
assigned  to  a set  formed  by  other  elenuaits  in  tlir  same  [xisition 
within  the  block,  'nius,  all  elements  in  tlie  uppet  k ft-liand  corner 
of  the  four-Llement  block  lorm  Set  A,  and  all  eletiietits  in  llu  Hitler 
rigiit  hand  corner  of  tin  four -element  block  fontt  Set  B,  anti  so  on. 


bfi 


(i 


I'L’til  ck'nicnts  in  each  set  sucli  as  Set  A are  seUcicti  by  a siiJ)- 


niatrix  to  form  S simultaneous  incliviclua]  beams  (six-  l igure 

VI.2.1D. 

An  incliviclual  l)eam  from  each  submatrix  is  comltined  with  otlK  r 
imiividual  lieanxs  from  other  sulnrcitrices  in  a corixjrate  feed  to 
form  the  required  idock-fed  beam  (see  I'igure  \’1.2.d).  Hie 
tiesign  of  the  sultmatrices  is  identical  to  tile  design  of  the 
switching  nutrix  in  l igure  \'I.l.d.  It  is  noted,  howewr,  tliat  the 
total  numlier  of  leaiis  to  each  sulmutrix  is  rcduceil  by  a factor 
I'qual  to  tiu'  numlier  of  sulimatrices,  or  tlie  numlii  r of  feeil 
elements  in  each  block.  In  tlii  case  of  file  four-ilcmeiit  grou|i 
as  shov.Ti  in  l igure  \'I.2.d,  tlu-  total  numlier  of  leads  to  i.-ach 
submatrix  is  Xj/4.  I’or  k element  block,  the  numlier  is  Nj  k. 

It  is  also  possible  to  reduce  tin-  reciuireal  iuutiIh  r of  switeliLS 
bv  trading  off  sonae  flexUnlity  in  beam  ^eUction.  kkv  tonia 
groups  of  n block"fed  beams,  I cvd  elements  of  Si.t  \ wliiili  are 
reaiLiife'el  to  form  each  group  of  11  block-fe-d  beams  are-  seleate'd 
by  the'  first  h vel  of  submatrix  A as  shown  in  l igure  \'I.  1.  I ee'd 
eleanetit  set  |i  and  others  are  selextetl  in  the'  same'  manner.  It  is 
imiiortant  to  note'  that  the  numlier  of  branclu  - in  e'ach  first  le'vel 
nutrix  is  now  n,  which  is  e'fjual  to  n /k . Other  jxrtions  ol  the 
subnutrix  desigti  are  similar  to  the  switching  matrix  of  1 igtire' 

\ I.  I .(1. 

’nie  subnutrices  actualb,  proeide'  ks  simultaneous  beams.  Anv 
e omJiiiiations  of  individual  beams  can  be-  sikcte'd  though  only 
some' of  these  are  useful,  hi  1' igiire  \ 1.  2 . a.  Be  am  1 is  foniU'd 
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by  sckcting  the  individual  ikams  A,  15,  D,  and  C and  i5cam  2 is 
formed  by  selecting  15,  A,  C,  and  D.  Tlic  orientation  of  tlu 
individual  beams  with  respect  to  each  other  is  important  in  the  event 
that  unequal  weighting  is  applied  in  the  corporate  feed.  I'or  the 
four  element  block,  equal  weighting  is  applied  so  that  the  orientation 
of  the  individual  beams  is  not  important.  I'or  the  nine  -element 
block,  unequal  weighting  is  usexl  so  that  tlie  orientation  of  the 
indivieiual  beams  is  very  important.  For  example,  refer  to 
Figure  VI. 2, b,  Be-am  1 is  formed  with  individual  beam  I!  in  the 
mielelle,  and  A,  15,  C,  I',  J.  11.  G,  and  D,  counting  from  the  upper 
le’ft  hand  conu  r in  a clockwise  fashion.  Beam  2 is  fomud  with 
individual  Iwam  I in  the' middle,  and  F,  1-,  0,  G,  A,  G,  Band  II 
also  counting  from  the'  upper  le  ft-hand  corner  clockwise.  In 
oreler  to  provide'  the  proper  weighting  to  the-  individual  beanx-^,  the' 
Sequence  in  Beam  2 must  be  rearianged  to  the  same  se'cjuence  as 
for  Beam  1,  the'  amplitude  selection  nvitrix  as  shomi  in  F igure 
\'I. '5  is  useei  to  accomplish  this  function.  As  a result,  both  the 
four -element  block  and  the'  nine -element  block  can  provide  beam 
separation  give'ii  by  the  individual  beams.  It  is  obvious  from 
examination  of  Figure-  \'I.  2.c  that  the  beam  switching  matrix  for 
the  five-element  block  can  be  designed  in  the  same  manner. 

The  numlier  of  switching  junctions  requireti  for  the  submuitrices  can 
be  eletermineel  fetllow-; 

Nuinlu  r of  SIT)  I switches  (sulnrutricc  s)  = 

\ 2 / 

N ^ ' - ks  (0-21 

' n ' 
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in  wltic:'. 

K i-  1;Ik'  iul'jJ.’'-':  -'I'  > l.s'i>.'in  . ■ ^ . 

Xj  i^.  iIk  total  iRuri'i.  r oi  indi \ .ini;-, 

!'  i:- ntmJxT  >■;  inuilr  ■' o , 

~ is  tr  ''indhiJaa]  •'  ' '-'i' 

in  lUci:  rix 

It  t iroportan:  to  noto  tiiar  the  tot  ;1  nuntiier  o!  ava’iuno.  ■ 

U';I  iiratus  is  ie.-o  Mian  the  rosal  imrnlier  of  mdividL^ 
lito  numijc”.'  of  iiiock-lfci  rccfive  liuinu-  in  each,  nio.-  is  cin-al 
to  kn.  Tik-  nunaior  of  switching  junctions  reijuiikd  loi  tiic 
arnplttudc  selection  nutiices  is  given  belov'.’: 

Xtuiiier  of  Sl’DT  swttclies  (antplitiuie  selection)  = 

2k(k-n  fo-3) 


t ■ . .\lternate  Beam  Switching  Matrix  De- iuii  for  Block  heeding 

'niere  exist  nvuiv  ways  of  desipiiing  the  beam  switciiing  matrix  to  allow 
hloct  feeding.  In  1 igures  \'I.  2 and  N'l.  3,  a method  is  shown  in  which  individual 
bean.s  are  sell  cted  before  coiniiining  in  a corjwrate  fec-d.  In  some  cases,  it 
is  advantageous  to  fonri  the  block-fcxl  beam  before  selection  in  the  beam  switching 
mittix.  A straight forwaril  approach  oi  achieving  this  is  showni  in  Figure  \'1.4, 
in  vvliich  tile  block  .eeding  scheme  of  l igure  P.'.l'.c  is  incorporated  into  the 
beam  switching  matrix  of  IMgure  \'l.  l.c.  It  is  obvious  that  in  addition  to  the 
exclusion  of  simnltomous  bean\s  within  rite  same  group,  this  diwice  also 
excludes  the  adjacent  beams  of  a ixirticuiar  sc'leeted  beam.  However,  it  the 
beam  positions  within  each  group  an  contiguous,  the  added  exclusion  of 
aiijacent  beancs  does  not  reduce  tile  beam  selection  flexibility  significantly. 
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llioLiyh  I \ 1.4  >liov,>  l4oi.  k U i.'iling  ol  2x2  t !(.  im  nis,  clo'^c' 

V x.nuination  oT  ! igui\  \ 1.4  ihal  i1k  saiiii.  U xhni(|iU'  i--  al'-o  ap)iliLal)l(.- 

U)  hloxk  si/i.'  otlK  i'  than  2 \ 2.  I1k‘  nuniJH  i'  of  Sl’l)4  sw  itilu  ^^  i\  (|iii  la  tl  for  this 
\\in\'h  si.4i.ats  S ^,inuill.iiK'(.)us  iiuli.)ii.  ndt  iit  laa a i \f  iHaims  ari.'  i lU' ri.a si^il 
In  2.\,  in  v.liidi  .\  is  tik  total  niintiicr  ol  laa k'ivi'  hoanis  (lilook -k-d  li(.aiu.s)  at 
ilk  .inii.'nn.i  output  toi'min.ils. 

.\umj)oi'  ot'Sl’IVI'  .Sv,  itclii-'s  - \ i..4  ■ 2/n  - S (n-4') 

In  Lvrt.iin  i..isc.'S,  this  alioniatL'  ik  si^n  lasnlts  in  latltution  of  ilio  ntinilior  of 
sV.  it  diina  Junctions,  lull  it  also  requires  the  I'eceiv  v simi.il  to  lisu'erse  more 
le\kls  of  switching  junction  so  ili.it  the  insei'tion  loss  is  iiittlki'. 

O.  I\pii..il  l.\ampli.s  of  Ikarn  Sv.ilcliinc  M.ilrix 

I'lu  ck  sii;-|i  lechniqui.  s io|-  tin.  Ik  am  sv,  iti  liinp  nut  i4.\  as  di'-cussed 
in  ilk  l.isi  sietioiis  Ilk  iisi.d  lor  Ilk  l"  \ T’ heam  anteiin.i  with  iilHcrossox’er 
hetw  ei.  n ad  i.lcelll  he.im-.  I he  he.im  pos  jj  ion  di  ip  r.l  m for  t Ik  l''’x  l”  IkMiii 
.inienna  \'.ith  lulf.inpk  lonii.il  i.o\eriui  k-  shown  in  kiunre  \ l.s.  Ilk 
con\pk-\itv  of  tlu  Ik. lie  svitihiue  nuirix  i-.  I'l'miori  ii.Mul  to  tiu  numlkr  of  sjnitli. 
[X)le  doiiNi.  throv,  (.sl’MI)  junction  . i i rt.i  in  In  .im  exclusion  w ,i  s assumed  i o 
redik  eilk  iiuml'e r o f SI '11  I junction  ~.  In  .1  spec  ilic  i x.impK  .is  shown  in 
linuik  \i.o,  ilk  Ik.im  |visii  ion  di  inrim  i s (|i\ idi  d i nto  1 1 u ronp~  it  h li'lk.ims 
in  c ii  li  ui  oiip.  I he  luimlk’r  of  siiipli.  poll  doiihlc  I li  ro\'.  (M'lll)  junctions 
ri'<(nlred  is  ciu  n In  iqii.ii  ion  to- I ) is  1X2.  I'liis  sw  itch  mat  fix  will  illowx 

si  mu  It  I neons  1h  im.s  l o lu  si  1 1 1 1 ed  1 1 om  X ol  l In  I i n roups . I low  e\  c r,  for 
ciihl'iiir,  I s powl  ions  V It  liin  I Ik  s m c c;roup  iik  ixchuledforol'.  ir 
s imuli  UK  oil  ■ In  im-,.  ( )t  hi  r w roiipiiiL;  of  i In  he.im  posit  ions  is  i p-o  possilik  . 

In  uenii'il,  tin  i e(|uired  numik  r of  Si'l V 1 juiutions  |s  l educid  wlu'i 
Ilk-  numik  r oi  e\i  ludcd  Ik  ims  iiu  ik  ,ises  as  shown  In  tin  I iiiiih  ol  cur\  i s in 


OUTLI^'E  ^ ^ iO 

OF  8°  CONE  ^ ' 1 

• 52  BEAM  POSITIONS  PER  QLIADRANT 

• 208  REAM  POSITIONS  WITHIN  AN  8*^  CONE 


1 li  l iH'  IKiSn  ION  in\(  R.\M. 


I \ l.“  with  till.’  !iiimi)i.r  ol'  ''imull.iiKnii.-  iK'.im.'’  l^)  a-  -i  p.iranu  ii.  r.  li  i.an 

ill.’  oh'ii.’rvvil  tlui  iIk-  i'i.’<iiut\i,l  uuml'i.’r  of  Sl’IVl  julK■tiou^^  grcjtK  ri.’diKx’il  wliou 
mui\  iK’.im  poNitioii  o\i.  lU''ion>  art.  )ii.'i'mitli.il.  I or  L’xampk,  in  tho  case-  ol 
S -~iiiiult,iiK'OU'  iK’anr''’,  wiiiioui  I'Ni.! usion,  illJ  Sl’iyi  JunLiious  aro  roq iii rod. 

Ihi^  miiulK’r  rnlui.'i.’>  tlit-  dS2  wiion  IS  In. ’am  jvisitioii''  arL-  oM.’lutii.’tl  lor  ladi 
hoam.  Croupinu  lor  i2  ^imuliancou.’’;  hoam.s  i->  .■^iiov.n  in  1 iuiiro  \ I.M.  Hu 
grotpiiiiu  ronfipiir.ition  ii^  r.itlu  r arhiirar\  and  ran  ho  di.''’iiuiU’d  to  rodiai.  ilio 
ofloil  of  hr’iin  oxolu'iions.  lor  oaoh  ooirJiinat  ion  of  ■’linuillanooiis  hi’am.<  ,ind 
hi’ani  ixoUisions,  iho  lu’.iin  swii  oliinu  nritrix  dt.’-<iun  rLni;i in'-  tho  sank  lor  .ill 
uroupinu  oonfioural  ions . 'Ha’  disotwsiou  in  ihi"'  soction  so  far  i'-  iko  ipplio.ihK- 
for  I'loi’k  fiodiipu  with  iIk  oxtoplion  of  iIk'  ria|uirod  luimlior  of  .sPMl  '.w  ii  olas . 
t'on-^idi  r tho  foiii’-i  Knant  Idook  footliiyu  dosimi  in  whiih  tho  hi.’iir.  ■'V.  ii  ohiipt; 
nvilrix  of  l iuiiii  \ l.2.d  i'^  iii'od.  1 or  s ■'inuilianoou'-  ho.im.''  willi  IS  la.im 
oxi-lusion,  llio  nuinJkr  of  --\‘,iiolk>  i ■'  now  1 IJH  i>  ooinp.iri.d  lo  SSJ  in  tla  aii'oiioi. 
of  Mod-  loi’dinL;.  \Mion  tla-  .illorn.ili.’  ho.ini  switohinu  m.urix  of  I inui\  \ I.  1 
is  usod,  till’  ri’qiii  I’Lxl  lUimlK  r of  '-witolK''  i--  Td.s.  Otiu  r oa-'o.-  aro  prosoillod  in 
lahK  \ l.l.  In  .ill  o.i-i-.  hlotk  foodiiiw  inoro  i-os  i ho  miinlior  of  swii  oliinu 
junotion-'  riquiriil. 

I . I -'linviiod  l.os-^i.  ^ in  llio  Hoam  Sv,  it ohin^u  V.iirix 

I In.  iusortiou  lo-'S  ol  Uk  Ik  ,ln^  'V  it  oiling  nvuvix  i'^  ili.pindont  on  tlu 
follov.ini;  i.utor-': 

1 . I lu  total  lUimlk  r of  ln.'.iiii  ixi^ifions. 

2.  XtiniJKr  ol  ’'11111111. iiuoiis  iH’ani.'. 

i.  nil’  lUimlior  o>'  hoam  '.’xdii''ioia. 

4.  1 .1  n.mh  ol  inti  n oniu  ol  iipu  oahK'-. 

7(1 
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\Ri.U(.nt  1)1  ui)>-  aru  rxcludi'd  wlirii  block  I'ccdiny  i>  applicti. 


As  a ruU’  ol' tlutnili.  iIk'  instTlion  loss  of  tin.'  switdiing  matrix  is 
projvii't ional  to  tlu-  luimlK-r  t>r  Sl’M  l jundioiis  whidi  tlio  signal  is  i ransmittod 
through.  'Hk  luimlxr  of  Sl’IVl'  juiutions  in  casoadu  is  dopL-ndum  nioro  on  the- 
rociui i\'d  mimlH'r  of  Inam  positions  Init  loss  on  the'  numlicr  of  siinuliaiu'ous  hoams 
or  tlio  nun  tiler  of  exelusions  as  indieateii  lielow; 
lotal  Numiier  of  Hearn  I’ositions  - 20S 


,s 

1 

,s 

1(1 

12 

(1-1 


Numiier  of  I’.xelusion 
0 

2s  to  (1 
12  to  0 
,o  0 
.1  to  0 


Numiier  of  Sl’l  HI 
juiietion  in  faseade 

S 

11  to  12 

12  to  l:i 
1 .1  to  14 
1 4 to  IS 


A large  luimlK'r  of  simultaiit.'ou'-  heams  in  geiu  ral  inereasi  s thi.  total 
line  Kngtiis  of  intereotineeting  ealdes  reipiired  to  eoninet  the  sueees'- ive  levels 
ot  sv.itehing  tines.  Kefirring  to  the  sehi'iiiat  ie  diagram  in  1 iguri-  \ 1.4,  tlu 
ealiles  eoniieetitig  thi'  seeond  and  the  tliii'd  K vels  must  ei'isseross  eaeh  otlier: 
tiuis  tliev  are  rilatiinh  longer  than  other  eahles  v.ithin  tiie  sv  jieiiing  matrix. 

SampU  loss  ealeiilations  on  the  switeliing  nutrix  ha\'e  hei-n  made.  This 
switehing  nuti'ix  utili/es  an  \-liand  miifomin  switeh  iniilt  pri'vious]\-  at  I luglies 
Aireraft  domjMnv  ami  .141"  semi-rigid  eahles.  It  is  also  ni-ei-ssar\  to 
estimati'  till'  kngth  of  the  eahles  from  the  sehematie  diagram  itt  l igiire  \'l.‘). 
Hie  I stimated  loss  is  itt  exei  ss  of  o dl!  for  all  lasis.  Sinei'  insi  rtion  loss  of 
tills  tuigtlitude  is  not  allow  ihle  in  geiu  r il,  ampli  fieal  ion  ma\  iie  re(|iii  red  to 
eireumveni  loss  in  anteiitri  gain  due  to  this  insertion  loss  eomfvinent. 
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\ n.  SAMrr.r:  xirL  i rpu-:  A.\Ti:.\x.\  ni:su;Ns 

liasctl  on  the  nnalvrical  I'onlts  ohtaim.-ti,  tvo  lii'sijnv'  whiL']'  mro'.  thi 
dfsigTi  spocitiiarion  in  Soction  I have  liocn  woriu-d  ou’  in  dot  li!.  Di.^^itri''  > 
i.mploys  single  horn  lor  i-adi  hoana  tiiu.  . r;u-  ddi-Iui.^  i-  onlv  -I  i di\  'Ilu 
radiation  patiern."  lor  tins  disign  an  shown  ii;  I igur;  I\  . 11.  A >calod 
drawing  oi  tin.-  dosign  is  -liov.n  in  1 igiin-  \ II.  1 to  indiaatf  tin-  ovorall  si.a, 
ol  till,  anti  nna  s\  >ti.n-'..  I’liv.siLal  liinu  nsion.-  and  pa  rami. i (.a' s of  tin  ovi  rl  ipiii'v.' 
siihan-.n',  nuilli)iK  hcamionriing  ni.itri':,  ami  Inan-.  sv  itchinu  nmriN  ai\ 
talHiJati.'ii  in  lalih.  \ 11.  1 . I \. o iio'-iiila  i.ii.>igiis  of  the  n-..a!n  switching  i.iairi' 
art  gi\'cn;  oiKwith  S iiuli  pa  iidcnt  bean'.-,  anil  thi'  oihii'  with  lo  iiiik-pi-ndi-nt 
beams.  It  i-  to  Ik- I'xpeeted  that  thi  ■''-iK-am  ik-sigai  require-  lewer  conipom-nt  - . 
IX-si.n  H employs  block  feeding  and  re-isti\e  tapering  to  providi  -1(1  dll  -ick  - 
lobe  design.  Iwo  feeil  elements  are  driven  in  i-aeli  of  l!u-  .-tacked  pillboxes 
so  tliat  the  beam  .switching  matrix  of  I igiire  \'i.21.d  is  requirnl.  I iu  radiation 
patterns  in  this  case  are  sliown  in  I igiire  1\  . in.  It  can  be  seen  tliat  more 
conqionents  are  n-fiuired  to  provide  .in  .s  indipenduit  beam  design  as  compared 
to  the  Ik-sign  .-\. 
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.('00,  .400,  .1878 


1.0  (IB 


I'AIU.l'!  \ II.  I (i.'oiu iiuKil) 


\U1.  I ll’l  1.  BI'.AMI  OKNUXC;  MA  1 KtX  (S  l AfKl-l)  I’ll.l.liOXl  S) 


Si.’i.'  of  rnloldi.ll  I’illbox 

1S  \ X 2S 

Si.'i.'  of  1 oklotl  I’illlxtx 

10  \ X 2o 

XumlH'i'  of  lapul  I'onniiuls 

lo 

Xuml)or  of  Oiilpul  1'i.Tininals 

24 

Api  i tui  i'  of  I'illbox 

l:c:i\ 

Kadiu-<  of  riri.ular  KoOi  ctor 

1S\ 

KadiLis  of  lAvd  Array 

.s\ 

idonuiil  Sivii  ing  of  IXa'd  Array 

O.S2\ 

Chord  l.inylli  of  Killortor 

2o . S \ 

X’uii'ilK'r  of  I’illboxos 

40 

l irsi  l.iwl 
>r  coml  l.ovcl  lo 

Oyoiall  l^rpib  of  MuliipU- 
Ikmiii  NI.U  rix  (i.  sl . ) 

24  \ 

XunilH'i'  of  Ik  .un  I'ositions 
Available. 

2.00 

Hoaiii  l’o''ilion  l.attiri' 

S(|iia  ry 

Nnmlie  r of  Ik  am  I’o'-ition>  willi 
Illy  S‘’  1 lal  f AiinK  C OIK 

2 OS 

Crossovi  r IaviI  Biiwtvii  Inam.'' 

.!  dl! 

Ikvim  Coiipl inu:  l os.-^ 

1.2  dli 

.S4 


FIGURF-;  \’[u  - sc:aled  drawing  of  antenna  system 


l Aiu.i'  \ ii.2  - (.'iiAKArn-ius I K'S  or  sAMi'i.r:  Mi'i.i  iri.i  hi'am  .\n  i i;\'.\a 

(Design  13,  -.’30  ilB  SL  Olitaiiuxl  In'  lilock  l■^.■^.■liing  and  Kesi-^tixe  Tapei'ing) 


gi;ni:ral. 

I'naniwitith 
Sean  Angle 
Grating  I.oIh 
Side-loin 
1 re-(|ucne\' 

A 

o 

CXi  rail  si/i 


half  angle  cone 
S'  20  (115 

-.50  dli  (See  1 igiire-  1\  . I (0 
d.SOO  Mil/ 

1.240" 

(i2  A X (i2  \ \ .SS  \ or 
~n.  4"  X 7(1. 4"  X 6S" 


OVl-'.R  LAITIXC ; Sl'l5.-\  RRAY 

I'.le-nie-nt  Sparing  ' 0.S2\ 

Snharrav  Sj-ueing  2.0.S\ 

.Xurnl-ie-r  nl  KK  nie-nt--  per  suharrav  S 

Niin-Ju-r  of  Sniurras  Module  s per 

Linear  Arra\-  51 

NiiiiilH  r of  (X’e  rl.ippine  Snharrav 

VIA  ' 50 


I otal  \umlie-r  of  0\  i flapping 
Siiharra',  s in  tiu  l-.ntli  e Iv.o 

Dimensional  Arravs  opp 

Suharrav  ArnpliPide-  0.lS~s,  p.  4PP,  P.(i0(',  0.Sl2,s,  .S12.S 

.<'00,  .40(',  .IS” 

I'otal  Xni'ni'ier  of  Suharrav  .Mtxiule  s 4S0S 

hirst  [.e'Ve-l  = .'5S44 
Se  eond  I t vel  ^ ()(il 

I ill -off  in  Suharrav  1 aelor  at 

S”  Sean  .5.0(115 


S7 


I'AHL.I!  \'[1.2  (contiiuK'il) 


Ml'I.’l  ll’Ll-:  ISl'lAMl  OKMINC:  .\L\TKIX  (S  TAC  KI-.O  I'll .I.HOXI'.S) 

is.  A X )1 . 4.\ 

12.  . i\  X 


Si/c’  of  L'nfokkil  I'illiiox 

Si/e  of  l okkcl  I’illhox 

Xiimlic  r of  Input  1 i-rniinal.-^ 

NumliL-r  of  Output  rcrminals 

Apc  i turc  Width  of  I’illhox 

Radius  of  Circular  Relit,  ctor 

Raiiius  of  I'cfil  Array 

l•.k■rnt■^t  S(\icing  of  lA'cd  :\rrav 

Chord  l.ciipth  of  Ri.  ilt.'ctor 

.XunilK’r  of  I’illlioxcs 

hirst  I.t.  vcl  - .10 
Secoiul  Level  - 20 

CXc  rall  IX  ptli  of  .Multipk' 

Ream  Matrix  (h  si.) 

Xiu'\1h  r of  Ikam  Positions  Availalik 

Ream  I’osiiion  l.aitiet. 

Xumlier  of  Pieam  I’osilions 
wit  It  tile  S^  Half  .\nple  Cone 

Crossover  l,t.’Vi.l  Ph  tv. veil  Re.tms 

Ream  Coupling  Ixjss 


20 

:i0 

lci.4\ 

lS.iS\ 

9.9\ 

O..S2.\ 

:U.4\ 

.SO 

2S\ 

400 

.S(|uaiL' 

124 
2 (IR 

1.4  tlR  (priiicipilk  cine  to  ohmic  loss) 


\uml)i.T  of  liKk  poiuU  at 
IJi.anx'^ 


8 


i\iUTiJ)L‘r  of  ImlfjX'iuifnt 
Ikanxs 


Aiuiiix  r of  Ixam  (xjsiiions 

in  a group  18 

XumJx  r of  S1’18T  Switdu  s 18 

NumlK'r  of  SP/8  J'  Switclios  18 

Nunilu-r  of  Sl’/l,s'|'  Switches  8 

iXunilK-r  of  Sly  1)1  Switdu  s (i48 

Total  Xumlu'r  of  S1'/1)  T 
Switdus  for  tho  Taitiiv 
Switch  Matrix  12 In 

Hsi  invite'll  Insertion  l.os-' 

of  BSM  (1. 0 (||i 


X'uniiur  of  Beam  Positions 

in  a Croup  1 

XumJu'r  of  SP/7T  Switches  1 

Xumlu  r of  SlVlPT  Switches  1 

Xumlier  of  SP/IST  Switches  1 

Xumlier  of  SiyiTT  Switches  (-)4 

Total  X’umiier  of  SP/n'T 
Switches  for  the  Taitire 
Switching  Matrix  149 

T.stinvited  Insertion  Txjss 

of  RSM  (1.0  cl 


The  iuimluf  of  unavailable  beam  positions  after  a beam  is  selected  is  given 
by  lUDieber  of  beam  jxisitions  in  a group  minus  one. 


\ in.  C-ONVU'SIONS  AMD  DISC'USSIOXS 


Uasitl  on  the  anahtical  study  I'csults  obtained  in  tliis  program,  the 

io]lQ\-.ing  eonelusions  ean  hi.'  ilravvn: 

• 'I'he  described  antenna  technique  can  generate  a large  numjjer  of 
sinuilta neons  indepemlent  l)eams  over  an  8°  halt' angle  com,'. 

• h'or  a 1°  beam  antenna,  tile  size  of  the  multiple  lieam  matrix  is  about 
hOO  (.10  X :10)  instead  of  the  usual  10,000  (100  x 100). 

• I'lie  ovx'rlapping  subarray  technique  suppresses  tiie  grating  lolie  to 
bi.tter  tiian  -20  dB,  and  its  validity  lias  been  veritiwl  expi.  rinu'ntal!v. 

• Stacked  pilllioxes  can  be  emplovc'd  to  form  the  multiplL'  lieam  nxitrix 
witli  phase  alierration  kss  than  10^. 

• Close  -in  side-lobes  can  lx-  controlK-el  to  -8(1  dli  b\-  means  of  block 
feeding  ami  re  sistive- tapering. 

• The-  design  of  the  beam  sv.  itcliing  nvitrix  to  oiitain  <S  sinuiltaneous 

indepe  ndent  beams  is  relatiwl v simple  . 1 he-  see  it eliing  ite-twork 

e'omple  xity  grows  when  the-  re-cjuirexl  numJx-r  of  inde-pe-nde-nt  ix-ams  is 
large,  or  when  tlie-  numl->e-r  of  lilock  fee-d  horns  larger  tiian  four. 

'I  he  re-eoiTnix-ndexI  de  sign  to  meet  spe-cifie  reC|uire-me-nts  of  sjelelolx- 
anil  erosso\-e  r le\e]  is  tainiLUvd  in  lalde  \ lll.l.  Block  fe-e-ding  is 
ixiiuireel  for  all  lov  sidelolx-  de-signs. 
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IX.  APniNDR  i;s  j 

' Al’PKXniX  A i 

I 

1 . H'.ti.  rn'u nation  of  Amplitm.k-  WA  ightinu,  C bi.  l'1'i cii-uts  aiul  ncl'iaition  ol  ! 

! lA’i.'d  XclAVoi'k  to  XKa  I Six'dl'ic  Ki.'(|iii  roiru.'nl  '-'  of  .Si.an  ( and 

(iratintt  Iloilo  Suppression 

Based  on  the-  iKtwoi'k  diagram  in  l igrire  A.  I,  it  is  recjui iX’d  to  (.ic.t'ini,' 

1 

the  eoupling  lU'tworks  to  me(.’t  speeifie  requirements  oi  scan  coverage  ami 
1 grating  lolie  suppiassion.  Inadiiiiion,  tlu’  suharray  amplitiidi.' weighting  > 

coefficients,  f.,  are  to  In.'  determined.  It  is  ohservetl  that  the  complete  network  j 

comf'irisi.  s of  I ; i ixnwr  dividers  mil  i;  > lossless  multi)ile  hearn  nut  rices. 

1 , , 

I Idealized  IossIl'ss  (ouplei's  are  presumed.  Onlv  swnmelrical  suharray 

amplitmle  distrilnitions  i re  of  interest  hen,'  for  ohvious  tnasoiis.  locontfol  | 

the  scan  covi'rage,  two  nulls  will  he  pl.uvd  on  the  houndaries  of  the  grating  | 

lobe  region  over  tin.  scan  raitgi.'.  The  prolileu'.  v.ill  be  solved  in  two  steps-,  | 

the  constraints  on  tin  subarrav  amplitiiiies  v.ill  In  del  i.  rmined  in  tin-  first  step, 

anil  till'  effect  on  the  subarra\-  )xiiii  rn  will  I'e  studied  in  ihi  lu  \t  sii.p  to  yiild 

complete  di'finit  ion  of  tiii  full  nilwork  to  meet  s|ieiifii  rii|ui  i emeiil  s on  scan 

coveragv  and  grating  loin  s. 

a.  Constraints  on  thi'  Sulxirray  Amplitudes  b\  tin-  1 eed  Network 
in  bigure  A 

Ri'fer  to  circuit  diagram  in  I igure  ,\.  1,  v. i-  can  writi  out  the 

following  iiitwork  eijuations; 

I -or  input  from  H tenninal: 

f„  - {cos"',  cos  ‘ jsin  ■,  cos  ,,  (isin3,)  R 

2 I ,11  J o 

r,,  = (cos:J|  cos-t.j  - sin3j  cos  sinCt.^)  R 
R2 

A 1 


r 


1K;URI.  A.l  -DL\(;R.VN1  Ol  a TilRiA'-LlA'l-l.  0\l  Rl.\PriN(.  srii.-\RRA'i  . 


I,,  - {cos  sill  ,(-j)  f jsin  j cosa^(-j)  cosa.^j  R 


! j = (cos  ^ sill  + sina^  cos  cos  r'.^)  K (A -2) 

1'^  = (j  sill  a^  I sin  a,,)  R 
= (J  sin  ^ j sill  \^)  R 

fj  = (-sin  sin  1^)  R (A-3) 

I'or  input  from  I.  tcrniiiul: 

^=(cos^)I.  (A -4) 

f ^ = (sina^  cos  a,^)  1.  (A -5) 

*4  = sin  .,,)  I,  (A-p) 

I'or  input  I'rom  f terminal: 

1'^  = (-cosa^  cos  sin  a,^  - sin  a^  cos  a,,)  C (A -7) 

'()  " 1 i-ais'',^  cosa^  - sina^  sinajt'  (A -8) 

= (-cos  a^  sin  a,^)  (■  (A-9) 


Onlv  symnutrical  tiist  riliiition  is  allowahli'  lor  svaruiutrical 
subarrav  patterns. 


R-L. 

I'rom  u|iiations  (A  - i)  and  (A-(i), 

(-sin  ^ sina^)  R = {-sin  ^ sin  a,^)  [. 

rr^ 


(A -10) 


(A-in 


Substitute  e(|uation  (A-II)  info  (A-l), 

f.,/'R  = (cos^  I - sin^  I cos  ’^)  - 


0 

sin“aj(l  - cos  .j) 


’I 


04 


Suhsttuite  equation  (A-11)  into  (A-2) 


f,^/R  = (cos  ct^  sin  Ct^  f sin  cos  Ot,^)  = cos  'r^  sin  '^1  " tos  3^) 

I'Uiminatc  between  the  al)ove  two  equations, 

(2/^  = 1 - tan3j^  f^/R 

1 - (f,/R) 

“"'1= -yfr— '“'-yA 


(.■onil)ine  equations  (A -5)  and  (A-d), 

tana,j  = (A -13) 

C'omliiiK' (A-11),  (A-12),  ant!(A-13) 

A-i.  !±.„ 

f f f ^ 

.1  .3  '3 

L=R  = l,-f^  (A -14) 


Sulistitute  equation  (A -14)  into  (A-4i 

cos  A,  = t'., '4^  (.3-13) 

t'omliinc’  ec|uations  (.\-T)  and  ( ■. -u), 

-cos  , sir.  cos  , CO- A,  .-in  , • -in',  co-  (' 

1 J 1 i ,1  I .5 

I ron  . (juation  (.\ -1 ! ),  j - 

-CO'  sin  • cos  j Lo-  sin  j • -in3j  cos  j () 

‘ "in  , 

ttt7,  t; 

it  sjiiHild  |)v  noud  ilia;  l.  it'  '•in  3,  ::id  in  ‘ , ivjsm  s--  tlu  im>. 

I 4 

i.cii. 


03 


I roni  i.(|iutioiis  (A-S')  and  (A-l  1), 

2 . 2 
ios“  I'o--  - ■'iir  I 

I'lj/t'  - ( 1 • I.OS  - 1 


Suhstilutt.'  in  (.'(|ualion>  ( \-2)  and  (A-ll) 


1 


SolVL'  for  t , 


C = 


'()  1 
l^,j  R - tan  - I 


SLihstitntc.’  in  R fi'om  equation  (A -14) 


f - 


t„(f,-f.,) 


f etn  Cij  - 


Suh-'iiUite  in  tan  ^ fron\  e<|uation  (A-l  () 


( 


-'n'4  <'2'‘4^ 
*1  * U^*2~'4^ 


f(,  (12-14) 


(A -17) 


cat)  l)i.'  I'ompuled  from  equation  (A-l(i)  or  from  a conaiiination  of 
efjuations  (A-ll)  and  (A-l  5).  I'his  redundancy  may  imply  rist  fictions 
on  tin-  possilile  values  of  f,,.  f,,  . . . and  f I o eliminate  j'tossilile 
inconsistancy,  we  proceeil  as  follows: 


tan  Ttj  = '*4^*  { 

sinaj^  -+sin'X,/(l  ' cosa^) 


9(1 


cosa^  = 


Manipulate.'  i.fiuatioii  (A-l.'O. 


tan“ 


1 1-2..  \f. 

1-sin  cr^  \ 3 


sin 


1 . 


'1  2 ">  "> 


We  also  manipulate  c<|uations  (A-15)  and  (A-16), 


■) 

sin“K^ 


. 2., 

1 - cos  cx^ 

(1  4 cos  A,)‘ 


.sin-.  = ^ 

^ (1  + cos  z./ 


:2 


■(A 

(« 


sin“'j  can  he  simplified  as  follows; 

si,raj  = -f^/(2f2-f^) 

2 

siiWa^  can  he  eliminated  from  tlie  expressions  in  equation. 
(A-18a)  and  (A-lXh). 

-I  -h 


4 • 


2f2f4  4 f^,  - 0 


47 


(A -18a) 


(A-18h) 


(A -14) 


L 


dp  >f3md 


vj>  ■:>- 
Vo 

rg  ~ 
" il 


o O 

o Q 
CO  0-- 


sn;.\i,RA\  px  i'nn^xs  oi  (;im;hai  rzi-n  oviiriappixc  array. 


\RR.\'>-  PAT'I  ERXS  OF  C;EXER.\LIZ1- D OX'FROM’PIXG  S(  JliVRR.V’i' 


2 ...  1 
(277^  '-'2‘'4^<-'4^  (T7^ 


*'1  = 


\pM7  'n 


-^.4f() 


'2*'4 


(A-1 


To  have  jX3.'^ili\'e  t',  (.itlK'i-  f,  or  arc  lU'gativc. 


Ii.  C'on.'-itrainls  in  f to  I'rovidL'  Kcf|uii‘(.‘ci  .Subari'av  I’attcru.s 

So  far  fj^  and  f,^  can  lie  sliowm  to  he  d(.  pendent  on  f.,,  and 
rile  three  iiuk'pendent  parameter.'-;  f.^,  and  f_^  nxiy  he  .-^elected 
to  pi'ovide  tile  retiuireti  ,-niharray  patteni  sliapi  . It  is  [xissihle  to  select 
them  so  that  at  the  scan  limits,  all  grating  lohes  art'  coincidenl  with 
suharray  pattern  nulK.  WIkii  this  conilition  is  met,  iIk  amiiliuide 
aiul  phase  dist rihution  of  the  array  is  that  of  a uniform  plaiK'  wave; 


.U’ 


ajj  - t.j  e t Ijj  1,^  I-  - 1 


(.\- 


jl' 


-jl'  jh  /3 

, OO  , ■ OO  • oo 

->[  = *2  <-■  ' 'i  ^ I4 


(.\- 


-.ii 


+jl'  -jl'  /.'I 

OO  , r 1 r ‘ OO  • OO 

a_^-l^e 


(.\- 


In  tile  aiiove  fomiula,  1.'  is  tin.'  incremental  pliasi'  lietwei'ii  suli- 
arravs  and  1'  1 is  tlie  increnaeiital  pli.ise  iietwi'eii  elements  at  a scan 

CX) 


angle  wlu'in'  all  nulls  art.'  coincitieni  witli  grating  lolies,  I’lhs  condition 
.i|so  implies  tli.it  tile  gain  of  tln'  suliarr.iy  factor  is  nviximum. 


ul'.l  I 'c  ill. isi  n I • I '•  ! ,iti,  . . 

l r lu- indcpiiitkiuh  i -.y  ivu  i he  -L'k-cte-ci  in 

aiioniaiKe  with  i-()uation  (A-lh).  I.itlKT  equation.  ( \-lo)  or  (A-J9)  can 
I'l  r. 'ua rded  a.-;  liic  equation  of  constraint  irnptj^eci  Itv  the  network. 

Additional  constraint  on  the  selection  of  fs  can  iv  derived  from 
e<Juation'^  (.\-T)  or  ( \-h).  f^  can  he  lietemiined  from  equation  (A-9)  as 
follows: 

fj  = -(cos  sin  t; 


1 - '-in*'-, 


Sulistitute  in  I'fjuation  (.\-18h), 


I'rom  equation  (.\-lSl, 
f. 


^ 'a-'. 


2f„ 


-in 


'2  ""  f.,-f^ 


1 rone  e'quation  (A -171 


t’  = 


'o'k'h' 


-■uhstitute  CO-  j,  sin  and  f into  expression  for  f^. 


101 


Equation  (A-2  5)  caji  be  seen  to  be  reeJunciunt. 


TIu'se  L'quation::  would  assume  tlie  coincidence  of  gra'^inj;  lobes  \v'>h 


suliarray  pattern  nulls  at  U = 

rri'vioU'dy,  we  had  derived  tiu  c.'quatioii  of  orrhogonalit\ 


'3  " ■ V^-2'4 


■^'2 '4 


♦ =,  -4- 

M 


'0 


^0  V~~V4 

^‘2  " *4^ 


Intuitively,  t^  should  i)e  iii.'g'ative  for  better  pattern  control . eov,,  \n 
have  five  equations  and  five  unknown-  in  fy,  1^,  f,^,  f^,  and  f_j. 

hirst,  1^  can  b>.  eliminated  by  coml'ining  equations  (A-2o)  aiul 
(A-19). 


Sl'condiv,  f^^  can  Ik  ciiminafed  from  iqiutions  (A -20)  and  (A -27). 
r_  If  ■- 

1 . _2_  -->f  f t \- 

02^.4)  V"  '' 

I'urthermure,  f^^  can  lie  1 1 iiriinated  b'.  siib-.t itiii ing  f^  ir.  equation  fA-2s' 
into  ec]uarion  (,.\-2S). 

Ttp-TT  f -'e-i  j ■:  2 

Manipulating  on  i’C|uation  (.\-29), 


- 4^1.  -d,  - f,r  = - 1^1 


■2f,r^  - •V'i+h'-'VA 


rv7  • %«2  • i4>  - N 


(A-2**a) 


I inally  wc  proci.  cil  t o (.  Hniinati-  1'^  by  con\liinin)>  ajuation  (A-2ba) 


ami  (<\-24). 


'•t  ‘2"‘'’l 


S(|uai  ing  i quat'ion  (A -24a): 


-2  f,  (t,-S^)  = S“(2r,-Sp^  . S;’  - 2S,S“(2f,-S^) 


7 a ■)  9 9 9 4 

fj4  2 S,r^  = S“f  f;  t sp“  ^ ^ 


4S.S“1-^  i 2S,Sj* 


Collecting  tetnis,  we  gi't  a (|uadi'atic  er|iiatioii  in  I,,. 


(2  ‘ 4S“)  r;  . (-2  s,  - 4s,s;  - 4s-s^u, 


‘ s,s,)-  - 0 


A r,;  i n I'.,  I I)  = 0 


(-IP  V ir  - 4AD) 


A - 2 ■ ' 4S,; 


n.  -2  S . 4S,S|  - «,% 


I)  - (S-  H S A,,) 


Siimmarv  ol'  Ki  sults 


(I'ivfii;  IJ  , I’li.isi,  Shift  1)1.1  \vxvii  siiharrays  so  rhaf  grating  lobe: 


coircidi  with  stibarray  (xittern  nulls. 


= sec-(l'  ) 
oo 


n 


S = sin  /Sint  r ) 
I ■)  oo 


1.’  _ UU  / , V 

~ cos  -TT—  /cos  (I  ^ ) 

- o oo 


/ A = 2 ■ ( 4S,^ 


/!-  -2  -4sjs“  -4S“S^ 


I4=(s-is^s,r 


/ 


/ I')  - (-!>  • J l)“  -4AI)  i /(2A),  or  (-B  - ^ ir-4AD)  /(2A) 


- 


2.  (ii-arinu  Lohi.'  Lxacations 

TIk'  grating  lobi  s must  lif  suppi'L  Ssi.'cl  hy  tin-  suliarrjy  jxitti  rn  in  ord.  r 
to  assuiX'  low  sidolohu  operation.  To  oslintUi.'  tlio  rosultant  ^id'alohi  kvi  ],  )• 
is  only  nota  ssary  to  ciotomiinc  tlu-  loration  of  tin.-  grating  loin.-.-  and  tlio  vahn.  of 
tilt  suharray  patti.  rn  al  tho  grating  lohi.-  location"'.  'Ilic  grating  lol'Cs  arc  given 
by  the  following  fomaitla: 
jk [■)>•( sin  “^-sin 


kPv  (sin  a - sin  ) - 2n-' 
s m 

Idle  integer  n gives  tlu.  luimliering  iiulex  of  the  grating  lobt . n=0  gives  the  ntiin 

beam.  .Solving  for  - , 


n.\  , 

<in  r - rr-  + sin  '■ 
s In’  ni 


llie  ri.']ation,  1 2~  \,  has  lu-i'ii  used.  'Ilie  grating  lobt  locations  for  scan 

angles  of  -S  , (1  uid  avi.-  t.ibuLiteti  in  Table  1 with  tlenx-n'  spacing  a 
a parameti.r. 


1.  .\umerica]  Result- 


:serii.s  of  suharra>  aniplituiie  tlistributions  v ere  computed  fro-;,  t:-;. 
tierived  lesults  in  tlit  previou.-.  .'cctions;  furl liermori-,  the  far  fitl.l  .-.ubarr  .. 
patterns  were  also  computed.  Tlu  fir^t  set  of  subarrav  patterns  as  shown  i,: 


, 'll  1'.  I - U ;i  \ pi.ii:  .1.  '1  .iiiv,l  . i':'  ' J.iili  tlr'  pi  oi;ri."-. 'ivL-  pli  isc  is  ! Hk- 

ii!m  ri'  put'  r'li-  in  I luui'i  . L’  u'c  loi  iiL'gaiiv'L'  valiiis  ol  I ,,  niKi  tiiost-  in 

1 i ti'  lor  pi-itivi.'  vaUirs  of  f.^.  nK-  i.ros>  hatched  areas  are  angular 

1 1 loi  V,  !iiv  li  contain  tin.  grat ing  lobes . bron'.  ohsefv  it  ion  ol'  thi  subarray 

pattern  hape.  it  i'-  ippireiit  that  ncLtUivi.'  valtks  of  f , are  preferred  over 

IV)  itive  OIK In  kldilion,  I'  cannot  i Ncved  oO'*  i f tlie  fi  rst  sidelobe  of  i lu 
' oo 

sulian  ar  piitcrn  i'  to  lu  inuk  r -20  tili.  In  anv  casf,  none  of  the  possilili- cas^-^ 
(.an  pi  o\  idi  grating  lobes  of  -20  (.lb. 

slight  pk.ilurb.uion  of  implilurk'  v,  (.aght  ing  coefficients  ari.  pos-^ibk- 
bi,  titkiing  the  (.oupling  i. neffi c i(.  ni s i)l  iIk  1:.!  )»v.'er  ili\ idc  r in  the  following 
nuniik  I : 


4 

K 


■ K 


t ■ ( 

Ihi  i:ii;ulri.\  r(.'mains  nnchungial. 

TIk-  siibarrav  p.iitr  rns  convs|ionding  to  for  various  p(.  rtur- 

bation  factors,  are  shown  in  I igufe  A,  4.  l liis  slight  pi.  rlurlialion  on  f's 
provides  sonu'  ef|uali/ation  of  the  various  grating  lobe  irugnitudi,  s.  I lo\vevi.'r. 
tlu'  additional  bi-m  fit  on  grating  lobe  suppression  is  not  sjgni  ficatit . 


lOH 


Ir  ;ippi.'ars  tliar  i1k-  only  cflcctivf  mL-ans  of  ohtaininp  yratiiig  lobo 
suppression  of  -20  illi  is  to  reduce  the  ekaTienr  -^pacinj;.  l igure  A. 5 gives 
rlu  suiiarray  patterns  as  a function  of  element  sjxicing  Iron’  2. 11  to  2.71  inches 
f\  - 1.24  inch).  In  all  cases,  tlK  highest  grating  lobe  falls  within  tin.'  main 
lolie  of  tiiL  subarray  pattern.  To  obtain  grating  lobe  suppression  of  -17  dlS, 
element  spacing  of  2 . 1 1 inches  must  iji  used.  fons;.'qu(.'ntlv,  low  grating  lobe 
K vel  is  bought  at  significant  reduction  of  element  sjxtcing  or  increase  in  the 
nunilK-r  o(  sulxtrravs. 


; A’ 


1 


L 


i rciL’Ki;  A.  T - SI  'HA  ( j.'AY  p,vi  [ [ Rxs  Qi  f ;r:N'i:RA I izHD  ovi- Hi,\rpi>;n  suiiARRAv 
(F.I  I F-  C I Oi  SPA-  P R o.\' f^RA  J r.(;  LOPi:  sn'PfU  : .fON) 


1. 


AmiNDIX  ii  - ni'  TI  RXUXA  1 lOX  01  I KAX'SMISSIOX  ( Oi  l I [Cll-X  l 
HI' rwi  i-.N  i.i.i;mi;x  rs  ix  i i';i;n  akuay  axo  ki.ci  im.  array 


rwo-ninu'iisional  Array 


The  jxnver  ahsorhed  by  a perl'eetlv  nuteluil  eknuni  in  a rwo-ilimeiisional 
array  is  e()iial  to  the  ineicRnt  powe  r ikiisitv  times  the'  e-K’nie'iital  area.  The'  aiiie'niia 
gain  is  the  re' fore' ; 

■7 


c:  = 4-A/r 

whe  re  A is  the  effective'  are'a  of  tlw  eleme'iit. 


(H-1) 


The  power  transiiiission  coe  tficient  be'twee'n  an  eleiiunt  in  the  fee'd  array 
anil  an  ele'meiit  in  tiu'  pickup  array  is  give'ii  by  Silve  r*'  as: 


I’  C t;  \“ 
r _ t r 

jv-  - a— 5 

i In-  R 


Sulest itution  of  (B-O  yive  - 


' ^ 


i R“\ 


If  a s(|iure'  element  lattiee'  i-  I'sumeel,  the- pertinent  ireasare' 
A.  - a' 


A = el' 
r 


(.bnse  ejue  ntiv. 


(H-2) 


(H-  I) 


1 


A<r 

ITT 


(H-4) 
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TIk  tiMiismissioii  coc  I't'icit  iU  wlu'ii  flu  pL  i tiiu  nt  t UtriLiit^  ai'c  clirLctly 
faciui;  otlu  i-  is 

g(m.p)=  ^ (li-5) 

In  gfiK  ial,  tin.  liiu  of  sight  is  not  nonn;il  to  the  plane  ol  the  at  ra\s  ami  (B-5) 
•'hoiikl  In.'  nuxlifii.ti  to  \ it  kl 

.U(ni,  p)=  ^ eos -j  eos  (l!-o) 

In  tile  aiiove  R is  tin.  ilistancL'  h(.t\\a'L'n  tile  two  i lenuiits  in  ((iRstion 
anti  o,  anti  art  the  angles  between  line  of  sight  anti  the  nornul  to  the  arrays. 

rile  faetors  cos  rj  anti  eos  tail  be  itientifietl  as  the  aeti\  t element 
patterns  of  two  .irra\  s whose  impetlaiiees  are  perfeetlv  matelietl.  In  the  event 
that  the  impetlant't  ol  tithtr  tnu  or  both  arravs  art  not  matelietl,  ttjuation  (H-ol 
tan  be  gem  rali.’ed  to  iiiilutle  these  eases: 

g(m,p)  (R-~) 

In  whieb  S^t  ) .mti  ,t  vl  are  tht  nortivili/etl  letive  eltmieiit  pattt  rtis. 


2 . 1 inea  r Arr.n 

lilt  tit  riv.ition  of  tht  transmission  eot  ffieient  in  this  ease  is  p iralltl 
to  that  for  the  two-(limeiision:il  arriv.  Assuming  tht  radiation  pittern  to  lie 
aiven  bv  ( si  e ‘slatt  r ), 


, . _ siiif  'tl/AI  sin  •'i 
(nl/\)  sin 


(l’--.S) 


Slattr  has  shov.ii  that  the  ratlialitni  puittern  of  a reetangula  r art  a of  tinifomi 
turrtiit  tii  st  I'ilnititin  .is.aunes  tin  aliovt'  form.  Sinee  the  aperture  with  uniform 
tii st  ribnt ion  has  maximum  gain,  the  aperture  is  also  mtUehetl. 


1 


TIk'  gain  is 

G = F-/!”  = 2"d/.\ 
or 

d = .\'2-G  (I3.9) 

“T 

whcro  !'“  is  the  averaged  power  3Tattern. 


It  follows  that  tile  transmission  coefficient  in  tlie  case  of  normal 


incidence  is. 


FMni.p)= 


(B-10) 


For  oblique  incidence  the  above  fomuila  is  modified  to  yield 

g'ii\p)=  cos?,  cosa^,  (B-il) 

When  the  arrays  are  not  m.itche(.l,  the  lollowing  fomiula  must  be  iisetl. 


gtngp)  = ^ S,^(e)  • S^(a) 


(15-121 
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Am-Noix  0 - Ae-'iivi:  i-i.kmi-nt  pattern'  oi-  an  element  in 

THE  RECT'IARLV  SPAc:ED  ARIUY 


It  is  Will  known  tliat  for  a pirft  itly  matched  array,  the  elenunt  gain^ 
is 

il^ios?  (C-n 

\“ 

71uis,  the  active  ell nu  nt  [x>wi  r jTattern  is 

S"(->  = cos  - (L-2) 

Will  n the  array  is  samiied  over  the  angular  range  in  whicli  no  grating  lohes  are 
formed,  it  is  [-hassiMi-  in  principle  to  match  the  antiima  arra\'  pirfectlv,  and  this 
pcrfi'ctlv  tivitcited  condition  is  closelv  ipproaclicd  in  practici.  llowevir,  when 
grating  lobes  are  forirwii,  rite  antenna  array  on  receive  cannot  be  matc'aid 
pii  fictly  even  though  it  nuy  be  pirfectlv  nvitciiid  on  transnat.  Tliis  planomenon 
IS  {[uite  analogous  to  thi  nutching  comiition  for  a reactive  tie  iunction  in  ■ ic‘' 
the  siiir.  arm  nuv  hi  matched  while  thi'  branch  anr.s  ari-  not.  P’l  sun-,  art,  : 
Kiuivalenf  to  the  transmission  line  mode  witliin  the  feed  lines  of  tl  -,  antiPJi-i 
arrav,  nhib  tin  branch  arms  are  equivalent  to  the  spaci  moiiis  of  the  main 
I'eam  iTid  grating  lobe.  It  has  imn  our  ixpiiiince  that  antenna  arravs  can  be 
■lutchul  on  transnat  in  -piri  of  pre  sence  of  grating  lobes.  1 'ndi  r this  nutchid 
, oiulition,  till  aitivi  ilemeiit  pattern  at  scan  angle'  in  which  the  ttiain  beamand 
grating  lobe  ai\  both  at  the  sanae  polar  angh  is  given  as 


A v.\  11  nuldu  ti  aiTa\  in  u<.  iic  i'al  )X>s'^t.-ssi.>'  a well  behaved  acti\  e 
■element  (Vittem.  niu>,  it  i>  reasonabli-  lo  appi'oxiinate  the  actual  aeli\-e 
element  txittcrn  i'V  a .'•traijjht  lim.  i'etween  tile  scan  range  ol'  9^  to  9j,  and 
perhaps  sUghtlv  outsiiie  litis  range  il  iKcessar\  . lienotes  the  scan  angk- 
in  which  the  grating  lolie  apiiears  at  endl'ire.  To  sunaiurizc;  tlie  c-nipin'cal 
active  ek'nieiir  pattern  is 


is  till  angk  in  whith  tlk  aciiva  l knienl  pattern  as  gi\  en  bv  the  thin!  i-qiiation 
is  Zero.  A sample.  laKiilation  ha'  iHeii  perfonniei  on  an  antenna  ari-ay  in  v hidi 
till  ekiui.  nt  'pacing  i'  The  me.i'Uriti  ami  tin  cumputetl  pattern'  are 

shouai  in  1 igm\  t'-l.  Ilk  agreement  is  tWTiuikaiile. 


llh 


T 


df  y j RY  f'  LCi'F'^ 


i 


APPIuXIMX  I)  -BHAM  SWI  l ( I IFNC;  NiATKIX  I.OSSI-S 


The  transmission  loss  througli  the  lieum  switching  niitrix  has  been 
estimated.  'I'he  1:2  and  1:4  X-band  micromin  switches  shown  in  l igufL-s  1).  1 
and  n.2  are  assunied  to  lie  used  as  a basic  ekmeiit  of  the  switching  matrix. 
Seminexible  cables  (.  141|J  diameter)  arc  used  to  interconnect  the  various 
switches,  fable  lengths  are  estimatcii  based  on  the  si/e  of  tlie  switch  units 
and  the  clearance  retjuired  for  crisscrossing  the  caiiks.  Tabk's  I).  1 to 
1).  4 show  the  parts  list  and  tlie  loss  tainilation  for  tlie  cases  of  K,  Id,  !2 
and  d4  simultaneous  beams,  respectivelv.  I’able  n.S  pertains  to  the  case  of 
comliining  eight  2x2  beam  clustc  i's  to  provide  eight  simultaneous  h’/ams. 

Tile  estimated  losses  are  rather  liigh  basctl  on  tiu  mentioned  switch 
design.  In  order  to  reduce  these  losses,  more  conrponents  witliin  tIu  sv.itching 
tre-es  must  be  integratul  into  one  single  unit,  l or  example,  itistead  of  forming 
a 1:1(1  tree  by  connecting  five  =:4  switches,  the  l:ld  tree  can  be  built  on  a single 
substrate.  I'urtiK fmore,  instead  of  using  .141  inch  cabK  s,  (|uarter  inch  cable, 
for  example,  mav  be  used.  Iken,  the  line  loss  would  be  coiisiih-iMbk  lower: 
hoceever,  the  si/e  of  liu'  beairi  svit  ching  iru.it  fix  mu--t  also  incfiMse  cotisiik  lablv. 
F.ven  if  tiu-  low  loss  components  are  used,  the  total  loss  probablv  cannot  be 
reducc-d  to  a point  win  re  R1  amplification  is  not  neetled. 
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1 0 0 

„ if:  f 

d 

! ^ 

~ 1 

* 

g , , *1  > • 

V • ii 

% 4 **  »\  ■ r«  _- . 

**  ■*  ■'  a ' 

Design  information  for  X-hand  swiicli  (mieromin)  (from  liurns  and  C'harlion) 


l.ine  los>  for  od  line  = .0/ 

\ 

^ s,,  = (1.(1  for  w - .02S  on  .(!2o"  aluniina 

V elt 

at  '■).  s (III/,  Loss  = .07  dH/.4fiio"=  . 144d  liH'in. 

Riilo  (,)f  riuiml'  = Multiply  tla  line-  loss  hy  2 to  aeeount  for  tin  tiiodi,'  lo 


I KILKL  D.2  -MICHOMIN  SWITCH  DLSICN  INI  ORMA'LIOX. 


'I'Alil.l':  n.  I -TAK  TS  I.IS'i  ,\.M)  10;,S  l OK 


\iimlKT  of  ^imuItaiKOLis  hoams 

= S 

(s) 

XumlH  T of  croups 

= 13 

(m) 

XumlH'r  of  1't’ani.s  in  a ci'on]'’ 

= 1(1 

(n) 

I’ari^  1 

•ist 

XiinilK'r 

of  Units 

Lo-  ■-  p(.  r 1 'nil . 

Hi'^t  1 

.OVt  1 

Input  cal)K,  Kiicth 

208, 

h" 

.24 

llM  l sv.ilch 

(10 

1. 

1I’2T  switdi 

0 

t 'omin.tinc  caM,  , K nctli 

o2. 

*7  ’ ’ 

.28 

Soi  onil 

l.ovol 

Input  cahK  , lonijrh 

13. 

IS" 

1.4 

1 1’f'l  sv.iiiii 

2(1 

1. 

!l’2'l  sv.iioh 

13 

.3 

l oiiiu A t inc.  i-.iIiK  , louc,^h 

2<i. 

4" 

.1(1 

lliini  1 

ol 

Input  cji'k,  li-'nclli 

KM.  . 

XS" 

1. 

1 !’  rr  s\vit ch 

40 

'1. 

1 1’2  r switdi 

0 

Contu  ctinc  laNi  1 (.■nctli 

32. 

— 1 • 

.28 

1 otal 

1 I'l  l .sv.  itch 

1 U 

1 1'2 ’ 1 s\\  i u 1 1 

1 i 

''I’MI  juiution-^ 

40(1 

XuinliLf  of  (..iliK-s 

4 13 

O,  ill! 
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(\2  - PARTS  LIS!'  AN'!-)  LOSS  I'OR 


NiimiuT  of  siniultaiu'ous  iK-ams 

= 

lb  (S) 

iNiiniiiLT  of  groups 

= 

1 .'i  (ni) 

iX'imilH'r  of  bc-an\s  in  a group 

= 

lb  (n) 

I’lrtv  U^t 

XunJu’r 

of  I 'nits 

l irst  Level 

Input  cable,  length 

2 OS', 

o” 

1P4'P  svitch 

SO 

IP2T  switcli 

Cormecting  cable,  L'ligth 

(’4, 

Si-conb  l.evel 

Input  cabK , length 

In, 

.vS  " 

! P4T  switch 

S(l 

IP2T  switch 

C onnecting  i.abK , length 

('4, 

'Hi  i I'll  Le'.d 

Input  aibli , le  ngth 

2 s n. 

so 

1 P4T  switch 

SO 

1 P2  r itch 

c'oniu  cling  i ,tl4e , le  ngtii 

o4. 

Total 

!!'  !T  sv.-Ri  h 240 

1 P2T  sw  itdi 

'PIPP  jiitK'M.iim  T20 

'ain\J)(.T  of  L >■  072 

Loss 


Loss  )xr  t'nit,  clB 


.24 

1. 

.2S 


! . 4 

1. 

. 2s 


1.2 

i . 


(1.  sS  (IB 


Pans 


Sec  on. 


Third 


dot  .a 


TABLli  D.  .1  - PARTS  LIST  AM)  LOSS  FOR 


iVinrJ^cr  of  .simuliancoii.- 

t beams 

f.s) 

NumJjer  of  srroiipr 

(n.) 

N'urulic  r of  beams  in  a g 

roup 

- - 

(n) 

List 

Xunaber 

of  Units 

Loss  per  Unit,  dll 

Level 

Input  cable,  length 

224, 

o'’ 

.24 

IP-IT  switch 

64 

1 

1P2T  switch 

32 

. 1 

Connecting  cai)le,  length 

(i4. 

4 

.16 

.1  Lewi 

Input  cable,  Kngth 

32, 

35" 

1.4 

iPdT  sv.  trch 

32(1 

2 \ 1.  (2  level  A 

iP2'i'  switch 

32 

. 1 

Connecting  cable,  lengtli 

320, 

. 2S 

Level 

Input  cable,  length 

1024, 

■|0*' 

2.0 

1 P4T  switch 

120 

2x1.  (2  level  - ! 

lldlT  switch 

32 

. 1 

Connecting  cable,  length 

32  0, 

— * ' 

.2S 

IP4T  switch 

"04 

IP2'1  switch 

0(1 

SPDT  junction 

220H 

\um!:er  of  cables 

16K4 

Loss 

10.  2n 
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l ABLF,  0.4  - PARI  S LIST  AXO  LOSS  l OR 


XimilKT  of  simultaneous  beams 

= fi4 

(■S) 

\'uml)er  of  groups 

= (■»4 

(m) 

X'umlier  of  beams  in  a group 

= 4 

(n) 

Part-  [.1st 

Xumlier  of  Units 

Loss  per  Unit,  tIB 

l irst  I.evel 

Input  cable,  length 

2F>h,  h" 

.24 

1P4T  switcii 

b4 

1. 

1P2  P switcli 

Connecting  cal)K,  lengtii 

Seconil  Level 

Input  cable,  lengtli 

64,  :i5" 

1.4 

IP4T  switch 

1280 

2x1.  (two  levels) 

1 P2T  switch 

192 

2 X . 3 (two  levels) 

(bnnecting  calile,  length 

1408,  7" 

.28 

niird  Level 

Input  caldi.',  kiigth 

4096,  60" 

2.4 

1P4T  switch 

1280 

2x1.  (two  levels) 

11’2T  switch 

192 

2 X . 3 (two  levels) 

Cbiuiecting  cabk  , lengtli 

1408,  7" 

.28 

'I'otal 

1P4T  switch 

2624 

1P2T  switch 

.384 

SPOT  junction 

8256 

X’umlier  of  cables 

72,32 

Loss 

10.8  dB 
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I \i;i,l'  n.S  - PAR  I S l.ISI'  AM)  LOSS  i OK 


S sinmllaiK'Oiis  Inam.-,  (.'ach  by  lonJiininy  a 4 beam  cluster 


Parts 

List 

Nuinlic  r 

of  L'nii'- 

l.oss  pi  r 1 ’nit,  dB 

lii'st 

LlVlI 

Input  labK  K nutli 

20.S, 

h" 

.24 

lIMTswitOi 

4 1 (1 

1. 

1P24  switdi 

208 

.5 

t'oiiiualinu  raliL  , Icnutli 

410. 

4” 

. lo 

Sccoiul  I.i  va  l 

Input  (.abli,  , K nutli 

1 004, 

iS" 

1.4 

1 1'4  1 ■'Witch 

480 

2x1.  (2  levels) 

1I’2  I switcli 

250 

2 X .5  (2  levels) 

I'oniucting  calili.,  Icn^tli 

704. 

5 X .28  (5  levels 

I'lii  rd 

I.L'VCI 

Input  calili.,  li.np:tli 

52, 

7” 

.28 

Power  corrJiincr  (1:4  Iced) 

S 

_ 2 

'Potal 

IP4'1  switcli 

8 00 

11’2'P  switcli 

4o4 

Sl’ILl’  junction 

5152 

Xunilicr  of  calilcs 
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i MISSION  5 

^ «/■  _ ? 
^ Rome  Air  Development  Center  t 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
development  programs  in  command,  control,  and  communications 
(C^)  activities , and  in  the  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  communications,  electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology , 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability , maintainability  and 
compatibility . 
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